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I. Stevenson's Theory of Pennsylvania Anthuacite. 

Dr. J. J. Stevenson has recently criticised all the leading 
theories* of the Pennsylvania anthracite and found them 
more or less wanting.f He then proclaims a novel one, con- 
sidering it to explain observed facts. The author of the 

♦Except the electrical one propouDded in 1870 by Mr. Joseph before 
the S. Wales Inst, of Enijineers. 
tBull. Geol. Soc. Am., vol. 5, pp. .'J9-70, 1893. 
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present paper being praetically acquainted with the anthra- 
cite region of P^imsyJlTania, as well as possessing some field 

and book knc^^'fcrige of the principal anthracite fields of Eu- 

• ■ * • 

rope, is indiI<jed'to put his notes into tangible shape for the 
purpos\of ^how^ing that the theory advanced by Dr. Steven- 
son-jioe§.*not sufl^ciently explain certain phenomena of anthra- 
;;jt^. regions, and of that of Pennsylvania in particular. 
• .. '.It may be well to state Dr. Stevenson's hypothesis briefly. 
• •'..'•. *.' He considers that the anthracite of Pennsylvania was origi- 
•'-^ • nally vegetable matter similar to that of which the bitumin- 
ous seams of the western part of that state are formed, but 
that the coal is not now bituminous because the accumulation 
of vegetable matter in the eastern area remained exposed for 
a longer period to the agencies which formed coal (before 
being covered up with sediment) than those of the western 
area. So that the inference is that Stevenson does not con- 
sider the partial metamorphism to which the anthracite series 
of Coal Measures have, as a whole, unquestionably been sub- 
jected, has been instrumental in converting the once bitumin- 
ous coal into semi-anthracites and hard dry anthracites. 

II. Evidences of Metamorphism in Pennsylvania An- 
thracite. 

Now, the writer does not dispute a practically the same 
vegetable origin of anthracite as of bituminous coal. The 
first thing to consider is, what evidence is there that the 
Pennsylvania anthracite Coal Measures have undergone any 
metamorphosis? Aside from the general references made by 
Rogers, Dana, I-e Conte, Lesley, Hunt and others in their 
manuals; text books, etc., the observations of the writer war- 
rant him stating : 

a. The fire clays of these coal regions are much more com- 
pact, less affected by weather, and heavier and tougher than 
those of the regions further to the west. 

h. The shales (appropriately termed "slates") are very 
dense, hard and but little affected by exposure. 

c. The sandstones and grits are exceedingly compact, tough 
and generally heavier and darker than in bituminoue regions* 
Prof. T. G. Bonney reports observing a quasi-gneiBsic struc- 
ture in specimens sent him. 
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(/. The conglomerates— eompoeed chiefly of white and gray 
quartz pebbles with a few of echiet, elate, quartzite, etc. — are 
extremely compact and dense; occaeionally the adjacent peb* 
UeaJisve been partially deformed or squeezed eo that they 
are jammed into each other apparently without fracture. 
Through these conglomeratee thin quartz veins sometimes run 
which pass right through the pebbles, the latter exhibiting a 
melted or fused appearance where incorporated in the veins. 

e. The coals are very hard, compact, glassy and weather- 
resisting. 

/. The clay- iron stone nodules are very tough, dense and 
hard. They contain distinct zones of mineralization, and 
crystalline pyrite similar to that found in similar nodules in 
the Alps is common in them. Their very dark color resembles 
both the Swiss and the Pembrokeshire nodules. 

jr. One characteristic of the fossils of this region is their 
black-leaded color or greasy metallic lustre, also observable in 
the slates of Rhode Island, Massachusetts and of the Alps. 

A. The quantity of occluded gas existing in anthracite, 
considering its apparent freedom from interstices and cellar 
structure, is remarkable. 

I, Carbon impregnation, such as streaks of graphite, and a 
more or lees general pervasion of diffused blackening through- 
out the series. 

j. Fine crystals of amethystine quartz have been found near 
Pittston, masses of lead and zinc ores in Assures in the coal 
beds near Scranton, smoky and clear quartz crystals nearTa- 
maqua; very hard and brilliantly crystallized pyrite has been 
extensively found near Pittston. 

Viewed as a whole these anthracite Coal Measures, are of 
greater speeiflc gravity, more crystalline, more siliceous, 
tougher, harder and darker than those of the western coal 
field of Pennsylvania. 

III. Objections to Stevkkson'b Theory. 
1. Chemical ctngiiferutioiin. In order to agree with this 
theory facts ought to show that the percentage of volatile^ in 
the anthracite decreases with the depth of the seam, i. p. the 
loweiit bench nf coiil of any typical seam, other things being 
e(|ual, ought lo In- lower in volatile matter and higher in fixed 
carbon than the uppermo-jf bench ; or that there is an apparent 
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gradation in chemical composition from top to bottom of the 
seam, debituminization having gone on longest and been 
strongest in the lowest layers. But published analyses do not 
reveal any such change that may be regarded as of any value 
in this connection.* 

2. Composite stratijied character of Pennst/lvania anthra- 
cite seams, Stevenson seems to have based his theory on the 
assumption that the thickest and typical beds of anthracite 
were practically solid coal from floor to roof. Actual obser- 
vations and measured detailed vertical sections in the mines 
and strippings reveal the fact that these typical coal beds are 
in reality split up horizontally into numerous alternate strata 
of coal and shale, coal and fire clay, or coal and sandstone or 
conglomerate, as the case may be,f so that each seam as a 
whole is really a parallel series of lesser seams, precisely sim- 
ilar in stratigraphical and structural character to the coal 
benches and their "dividing slates" of the "Pittsburg" bed in 
the bituminous region. The split-up character of anthracite 
beds in Pennsylvania could therefore hardly furnish Dr. Ste- 
venson with the argument he uses in regard to the supposed 
longer exposure of accumulated coal material prior to burial 
beneath sand and mud. And a good reason is furnished for 
accounting for the practically uniform chemical composition 
of the various superimposed, yet separated, layers of coal in 
a seam, by the phenomena of the interstratitied beds of shale, 
etc., just alluded to. 

3. Debituminization of coal a stage in metamorphosis. As 
any stage in debituminization of a coal bed is to some extent 
metamorphism, the stage we designate anthracite is a stage in 
the metamorphic process. Graphite is probably metamor- 
phosed anthracite, just as anthracite is metamorphosed bitu- 
minous coal, or bituminous coal is metamorphosed lignite. 
Mineralogists have not found it possible to establish any defi- 
nite line or stage where metamorphism in rocks begins or yet 
ends in the direction of liquidity — molten rock. In like man- 
ner the fossil and mineralized vegetable matter of coals (no 
matter of what kinds of plants it is composed) presents no 

'*'Cf . A. Aahburoer: "Clasaification and Composition of Peonsylvaoia 
Anthracites," p. 19, ld86. 
tCf. 2d Geol. Survey Pn., 
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hard and fast lines for establishing a terminology ; so that; 
just as the coarser as well as the finer grained inorganic 
strata of anthracite coal areas are found to be semi-meta- 
morphic in character, i. e. in a transition stage between 
what may be called normal Coal Measures and decidedly 
metamorphosed strata of similar chemical composition, so 
should the coal seams they inclose be also regarded as semi- 
metamorphosed. There is no escape from such a conclusion ; 
neither would there appear to be any necessity for investiga- 
tors to go out of their way to seek an opposite theory of the 
origin of anthracititication. The point that seems to have 
puzzled us hitherto in accounting satisfactorily for Pennsyl- 
vania anthracite is that the crumpling, twisting and compact- 
ing of the Coal Measures of that region were not sufficient to 
produce anthracite, or that the conversion of the originally 
soft and bituminous coal was accomplished before the great 
upthrust of the Allegheny mountains took place, of which 
change we possess evidence. 

4. Anthracite^ other than in senms^ in the Coal Measures of 
Pennsylcania, Besides the regular or irregular seams of an- 
thracite coal in Pennsylvania the associated strata are rich in 
films or streaks of coal. These may or may not be detected 
as fossil bark of prostrate trees or in forms sufficiently defi- 
nite to determine their exact nature; such stray or pocket 
deposits are known to miners as stringers, pipes, seeds, 
nests, plies, streaks, etc. Now, these extraneous unimportant 
(commercially) masses of coal in the Pennsylvania anthracite 
regions are not bituminous coal but anthracitic. They are 
apparently just as pure anthracite as are the beds or seams 
between which they lie. If, therefore, Stevenson's theory be 
conceded as applicable to the thicker or regular beds of an- 
thracite, it must apply equally to these scattered filmy patches 
of the same material not in contact with the seams of coal; 
in other words, if it were necessary for vegetable matter to 
be longer exposed prior to burial by sediment in order to be- 
come anthracized, then every individual streak or lamina of 
anthracite embedded in shale and sandstone and presumably 
of vegetable origin must have been longer exposed ere sealing 
down by mud and sand ensued. We cannot admit the one and 
exclude the other; the mere dimensions of the masses of coal 
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ilnder consideration do not aifect the question of mode of for- 
mation or conversion of one kind of coal into another. 

5. Arenaceous or yravelly character of the Coal Measures 
of Pennsylvania, A glance at the published columnar pit. 
sections of the Pennsylvania Geological Survey (Anthracite 
regions) will reveal the well known fact that, taken as a 
whole, the Coal Measures are extraordinarily siliceous in 
composition, i. e. the bulk of the rocks are coip posed of sand 
grains, quartz and feldspar fragments and of rounded peb- 
bles, the latter occasionally amounting to boulders in size.* 
Not only are the roofs of the coal seams frequently of 
conglomerate or grit, but the floors also, and even the '*part- 
ings" in the coals here and there consist of quartzose grits, 
quite pebbly in places. Thus we find the character of the 
covering up or sealing down sediments of these anthracite 
beds is such that the process of their deposition points rather 
to one of rapidity, suddenness and depth or thickness, than 
to tardiness or a keeping back of roof-forming materials as 
soon as the respective accumulations of the vegetable matter 
were finished or ready for burial. 

6. Fish horizons on coal seams and their bearing upon the 
origin of Pennsylvania anthracite. We may take it for gran- 
ted that when a carbonaceous shale enclosing numerous fish 
remains, shells, etc., forms the uppermost layer of a bed of 
coal, as is very commonly the case, the inference is that the 
coal deposit was not suddenly and completely buried beneath 
sediments on the completion of the vegetable matter accumu- 
lation, otherwise no time or conditions would be allowed for 
the fauna to get there and occupy the waters for long periods, 
as they evidently did, before the invasions of mud or sand 
followed. No fish beds have been discovered or reported atop 
of any of the Pennsylvania anthracite seams. f And they 
seem to be just what Stevenson's theory would call for if his 
deferred burial of the coal material actually obtained in that 
portion of the Pennsylvania coal field. And when we get 

*Cf. Trans. Man. Geol. Soc, vol. 22, pt. 2. 

fThe author has not even heard of any such animal remains ever 
noticed anywhere in the eastern Pennsylvania coal fields. 
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typical bituminous coal capped by fish beds* we almost 
possess just the conditions of deposition which Stevenson 
would apply to the anthracite region but scarcely look for in 
the non-anthracitic areas; so that, if the occurrence of fish 
beds is any index of delayed on-coming mud or sand deposits, 
then, on Stevenson's theory, the bituminous coal ought now 
to be anthracite and the now anthracite bituminous. 

7. Lamination or " grain " frequent in anthracite. Had 
the vegetable accumulations really been unusually long ex- 
posed to the coal-forming process prior to sealing over by 
sand etc., as per theory of Stevenson, it seems not unlikely 
that the procesfe would have caused the entire obliteration 
or extinction of the " grain " or horizontal lamination of the 
coal, in a manner somewhat analogous to modern peat, which 
we know loses its fibrous or original plant structure the older 
and the deeper it gets in the bog. That this anthracite of 
Pennsylvania possesses its original lamination structure is 
perhaps not so widely known or admitted as it deserves to be. 
As a matter of fact there are very few layers indeed (or hand 
specimens for that matter) to be picked up anywhere which 
do not clearly reveal this lamination when looked for; in fact 
much of it is as apparent and as sharply and as clearly pre- 
served as the lamination or characteristic grain of the typical 
bituminous coal of the western coal field. Excepting for dif- 
ferences in fracture and lustre it is often difficult to tell 
specimens of anthracite and soft coal apart. The peculiar 
shelly and rugged fracture of anthracite and the oblique 
cleavage planes by which it is so generally broken up, make 
the grain of this coal comparatively obscure. 

IV. Pennsylvania Anthracite had a Metamorphic Origin, 

BUT IS NOT A Product op Folding. 

It is* perfectly clear, therefore, to my mind that whatever 

was the cause of the debituminization or anthracitification of 

the coal of the thick seams as well as of that upon the fossil 

plant remains, and the local scattered insignificant pockety 

patches or films and streaks of coal enclosed in the slates and 

sandstones, it was one and the same. And since the whole 

*Cf. Bull. U. S. Geol. Sur., No., 65, 1891. The author has discovered 
a fish horizon on top of the main l>ench of the ^'Pittsburc coal.*' See 
Final Report Pa. (|^1. Surv., vol. iii, part 2— eecond footnote on 
page 2,452. 
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pile of the Coal Measures of the region are metamorphosed 
though not to the same extent, the contained coal in all its 
forms and at all horizons is more or less metamorphosed. The 
origin of the anthracite of Pennsylvania then i was certainly 
a metamorphic one ; and not due or confined only to the certain 
horizons — the beds of coal — as Stevenson seems to suggest. 

The writer does not agree with those who suppose that the 
metamorphism apparent in the eastern Allegheny coal fields 
was principally a result of folding, crushing, thrust-pressures 
and of fissuring, which aided the escape of the volatiles of 
the coal ; but he would venture to submit what he will call 
the hot water or hydrothermal theory, as pofesibly the most 
rational one yet advanced, or the one to which all the observed 
facts or phenomena of the region in Pennsylvania (and certain 
others besides) fit best. By hot water he does not mean to 
suggest that the Coal Measures and the coal seams were de- 
posited in thermal waters, but that heated waters subsequently 
were instrumental in doing most of the observable metamor- 
phism in a manner to be presently indicated. 
V. Sequence op Geological Events Producing Pennsyl- 
vania Anthracite. 

This theory will merely be stated generally or by way of 
a formal or working hypothesis, based on lines as broad as 
possible and compatible with the most recently advanced views 
bearing upon the fundamental and essential points in this 
connection. Attention is therefore directed to : 

1. The Pennsylvania anthracite fields or basins, as is well 
known, consist of a rudely parallel series of plicated canoe- 
shaped troughs lying in still larger similarly shaped synclines 
of Sub-Carboniferous rocks of vast thickness (4,000 to 6,000 
feet says Dana) and forming part of a series of very thick 
strata (30,000 feet) of still older formations now invoFved in 
the general elevated mountain chain of folded and crumpled 
rocks known as the Appalachian uplift. In reality the anthra- 
cite basins are outliers (or remnants of a once enormous coal 
region), which owe their preservation from total annihila- 
tion by denudation to their synclinal or pockety forms. 

2. There are remnants of what was probably a great thick- 
ness of Permo-Carboniferous rocks in the anthracite region. 
These occur near Wilkes-Barre and near Pottsville, and 
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doubtless they were originally part of the Pame series of beds 
much more extensively preserved in the southwest corner of 
Pennsylvania. 

3. We have already seen that the Coal Measures of the re- 
gion in question are characterized by strata of sandstone, 
grit and conglomerate; shale and clays being comparatively 
unimportant, limestones still more so. 

4. There can be no doubt but that as these Coal Measures 
were deposited by and in water they would be saturated there- 
by as the area of deposition subsided, and so would retain 
most of the water, just as the gravel beds, quicksands and 
sands do in estuaries and in valleys, or as the porous breccias, 
conglomerates and sandstones of the Permian and Triassic 
series in many European localities are heavily watered. 

6. The coarse character of the strata implies a not distant 
coast or shore- line or land, of course undergoing waste by 
erosion and denudation. Proximity to the shore coupled 
with coarseness of sediment also implies a relatively thicker 
vertical pile or series of Coal Measures than would be 
deposited further offshore and in deeper water and charac- 
terized by rocks of finer grain. The Pennsylvania Geological 
Survey computes the vertical thickness of Coal Measures in 
the center of the southern anthracite basin at about 4,000 
feet, and for all we know this thickness was probably greater 
once, even greater further to the east and northeast. 

6. The greater the vertical thickness of strata laid down in 
practically uniform succession one above another, the greater 
the subsidence of the area of deposition. 

7. Strata-building must come to an end somewhere — some- 
time ; and in the case of the Pennsylvania coal-area it is highly 
probable it ended with the Permian age, in other words the 
topmost or last-formed bed of that series (wherever it 
may have been deposited) was the proverbial straw that 
broke the camel's back ; that is to say the weight and subsi- 
dence of the Paleozoic rocks had by that time become great 
enough to bring them within the limits or zone of sufficient 
interior earth-heat to produce a softening of them accom- 
panied by some swelling or tendency to swell. The absence 
of Permian and Triassir rocks over the Coal Measures toward 
Ohio, Indiana, Missouri, and still farther west, and from what 
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was probably the Perrao-Carboniferous in the anthracite 
region of Pennsylvania shows that there is reason to suppose 
that the mass above the anthracite coal was heavier than that 
above the bituminous coal. 

8. On the supposition that this regional subsidence (pro- 
duced by the vast thickness of rocks) was profound enough 
and maintained long enough to allow the rocks to be affected 
by this heat to such an extent or degree, as to materially raise 
the temperature of the included water, then the combined 
actions of heated and compressed waters upon the compacted 
rocks, would produce change in the physical and chemical 
conditions of the included coal beds. 

9. The coal, its pores being saturated with waters of its 
accumulation, thus subjected to hot water under pressure, 
would, in all probability, gradually undergo debituminization, 
and acquire a denser or more homogeneous texture. The 
natural inference is that the lower beds would be the most 
altered, just as the rocks of the deepest part of the subsided 
region would become most metamorphosed. 

10. A softening of strata means .a weakening of it, and 
weakness leads to yielding or giving way. 

11. In order that our softened and thereby weakened Coal 
Measures might yield or give way, the only direction in which 
movement would be possible would be upwards or away from 
the seat of metamorphism ; a bulging upwards might there- 
fore be expected to follow. 

12. Accompanying this upswelling of the rocks would be 
subaerial denundation, and in conjuction with the assumed 
lateral thrust given to the rising mass of rocks by the border- 
ing and perhaps now subsiding land, it seems proper to sup- 
pose that severe folding and rapid elevation into mountains 
would take place. Once the region began to rise, weakness 
would induce plication, plication and elevation would produce 
shrinkage, cracking, cooling, and extensive wearing away 
would accompany these processes. It is highly probable that 
mountain- forming or the elevating process would go on much 
faster than removal by denudation or erosion. 

18. In the case of the Penns3'lvania anthracite region it is 
supposed that the side-pressure on the uprising Coal Measures 
etc., was most severe or operated mainly from the east, thus 
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creating anticlines which have their steeper slopes facing the 
west, as is found to be the case. 

14. The cooling otf of the strata and the deep-seated or 
elevating pressures combined, would produce the jointing, 
Assuring, and all the observed slip-cleavage in the coal, etc. 

Such then, is about the best or briefest description the 
author can give of the successive geologic events to which 
the anthracite in Pennsylvania is probably mainly due, and 
upon which we would look back as having brought this splen- 
did fuel within our reach ; for had the Coal Measures remained 
down there in plu tonic regions, where the anthraciting pro- 
cess went on, the probabilities are man would have been unable 
to reach it. This coal then I claim, is essentially a product of 
the origin, cause, and process of mountain-making, i.e. inter- 
nal heat acting upon water-soaked strata of vegetable matter 
and inorganic sediments, depressed far enough below the 
surface (prior to a necessary upheaval) to put the rocks 
through a process of " cooking" ; which process of course 
operated more or less according to depth, kind, and amount 
of water, the variable character of the indivdual beds and 
local influences. Thus we find this anthracite is associated 
with the remnants of high mountains, composed of a great 
thickness of sedimentary rocks; the coal-seams being accom- 
panied by sandy and pebbly strata originally filled with water, 
which water, on becoming heated, and kept hot long enough, 
was principally instrumental in changing the once bitumin- 
ous coal into semi-anthracite and pure anthracite. 
VI. Evidences op Fobmer Hydrothebmal Agency in the 

Region. 

So much then for the theory. We will next see if there is 
any evidence in the region that internal heat of the earth was 
an agent in anthracite making. American geologists have 
reported no less than 56 hot springs occurring on the strike of 
the folded and twisted strata passing through the anthracite 
regions. That the origin of the lead and zinc ores, already 
mentioned as occurring in the anthracite, may be ascribed to 
ascensional thermal waters seems reasonable.* 

♦'^Genesis of Ore-Depo«it«." by F. Prieepnv in Trans. Am. Infrt. M. 
£., 1803. 
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VII. Anthracite Artificially Produced from Ordinary 

Coal. 

In the Museum of Econoraic or Practical Geology, London, 
Eng., are (or were) samples of perfect anthracite, which were 
formed by Mr. Cakes at Alfreton Iron Works, Derbyshire. 
His process was heat applied to bituminous coal under pres- 
sure and presumably in a liquid medium, anthracite being the 
resulting product, not coke. 

VIII. Wood Changed into Coal Hydrothermally. 

Daubree converted wood in water under pressure to a tem- 
perature of 575^F. into anthracite almost as hard as steel. 
Geikie cites ''an example of the alteration of vegetable matter 
into coal by water, elevated lemperature and pressure ob- 
served a few years ago in the Dorothea mine, Clauthal. Some 
of the timbers in a long disused level filled with slate rubbish 
and saturated by mine water, were found to have a leathery 
consistence when wet, but on exposure to air hardened to a 
firm coal, with the fracture of a black-glossy pitch-coal." The 
writer has an account of a peculiar discovery made in 1885 at 
a Spanish iron works. A large steam hammer and anvil, 
which had been erected nine years previously, had to undergo 
some repairs. On taking up the large blocks of oak beneath 
the anvil a considerable portion was found to be converted 
into a black carbonaceous substance not unlike anthracite, the 
process of conversion from wood to coal having evidently 
taken place by percolation of hot water aided by pressure or 
blows on the anvil. Again, E. S. Molt'at* describes the alter- 
ation of portions of crushed props and wedges into true coal 
which had the characteristic cross-fracture, sharp and con- 
choidal, jet black in color, specific gravity 1.88 and a hard- 
ness the same as anthracite. These timbers were placed in an 
anthracite mine at Scranton. Pennsylvania, some 30 years 
previous to their discovered alteration. The place had been 
on fire for a long period and then deluged with water to put 
it out. The place where the timbers were was also filled with 
mine refuse, which being subsequently dug out revealed the 
carbonized timbers. Here then we have an instance of water 
heat and pressure converting vegetable matter into something 

*'*Note on the Formation of Coal from Mine timbers." Trans. Am. 

Inst. M. E., 1887. 
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closely resembling Carboniferous anthracite, and in an anthra- 
cite mine, a rather suggestive coincidence. 

IX. The Anthracite Region of Pennsylvania a Typical 

One. 
Now, we may certainly regard the anthracite region of 

Pennsylvania as a typical one. And if a satisfactory origin 

of its coal can be found it ought not to be difficult to account 

for anthracite in other regions. We will, therefore, follow up 

the inquiry in America and then cross over to Europe. 

X. Other American Anthracite Regions. 

In Tennessee and in Georgia semi-anthracite occurs. The 
thickness of the Coal Measures in Tennessee is great, but in 
Georgia denudation seems to have carried them almost away. 
In Tennessee we get conglomerates associated with the coals: 
and in Georgia, as far as they go, coarse strata predominate. 
Both in Tennessee and in Georgia the Coal Measures are folded 
and disturbed. In both these states the Carboniferous flanks 
or belongs to a mountainous range and is considered to have 
come witHin the influence of some metamorphism in past 
geologic ages. 

In Arkansas the coals are said to get more anthracitic as 
traced or tested in an easterly direction.* Winslow and Mac- 
farlane say that sandstones, shales and conglomerates make up 
almost the entire list of the rocks, and while folding and an- 
thraciticism do not seem to be concurrent phenomena here, 
we have the Carboniferous undoubtedly underlain with Silu- 
rian and folded Huronian, because they come to the surface 
east, south and southwest of the coal field. Thus, although 
the physical geology of the coal region in Arkansas may be 
said Uy resemble that of the typical Pennsylvanian region, the 
characteristic features of the former are dwarfed into com- 
parative obscurity. It is well known that the little crumpled 
and metamorphic outlying graphitic-anthracite field of Rhode 
Island and Massachusetts is bound up with rocks of a region 
characterized by foldings, faults and other evidences of deep- 
seated disturbances and alteration. The Coal Measures are 
decidedly conglomeratic and siliceous in character and proba- 
bly originally extended into Pennsylvania, and soon west and 
#aiitb, and possessed a great thickness. Macfarlane and Dr. 



;;*^(Uk. Qeol. Surv. An. Report. 1888, vol. 3, Coal, p. 51. 
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R. W. Raymond refer to considerable anthracite in New Mex- 
ico. Whether the strata are or were once thick is uncertain, 
but sandstones abound in the series, the coals being tilted vari- 
ously: the region is mountainous and contains unmistakable 
proof of vulcanicity or metamorphosis. 

W. H. Merritt, F. G. S., of Toronto, Canada, informs me 
that he finds extensive areas of anthracite coal (originally 
lignites) associated with a preponderance of sandstone strata 
in the Canadian great Northwest. These coals are almost cer- 
tainly of Cretaceous age, and occur between ranges of the 
Rocky mountains indicative of metamorphism.* 

In Colorado there is anthracite: the Coal Measures are 
probably quite thick: they are folded and faulted; not far 
removed from igneous and metaraorphic rocks and belong to 
a mountain system. 

Prof. A. H. Green and E. Lane inform me that coal beds of 
a decidedly anthracitic character occur in Peru. They are 
stratified with sandstones, much crumpled and are adjacent 
to or incorporated in mountains. 

Idaho possesses some anthracite, but its association with 
baked shales traversed by dykes places it in the category of 
the result of local or contact metamorphism, with which we 
are not now dealing. 

Dr. H. M. Chancef reported that in the Indian Territory, 
which is south of Arkansas, the thickness of the Coal Meas- 
ures is between 8,500 and 10,000 feet. The strata are mark- 
edly sandstones of massive character. The coals exhibit evi- 
dence of decided conversion in the direction of anthracite; 
the strata are considerably distorted into anticlines and 
troughs; the country is elevated if not mountainous, in fact, 
to quote Chance, ''Topographically and structurally the Choc- 
taw coal fields represent in miniature many of the features of 
the anthracite regions of Pennsylvania. The measures are 
flexed by a series of anticlinal and synclinal folds not usually 
as sharp as those of the anthracite, but in many respects very 
similar. While all the anthracite basins are surrounded bv a 



***Note8 on Some Coals in Western Canada,'' in Trans. Am. Mining 
Inst., vol. 18, p. 313. 

t**Geology of the Choctaw Coal Field,'' in Trans. Am. Mining Inst., 
vol. 18, p. (553. 
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mouDtainouB rim, of which the outcrop of the thick and mas- 
sive conglomerates forms the core, the Choctaw basins are 
enclosed by a ridge, sharp and bold in places, but rarely 
mountainous, formed by the outcrop of the basal sandstone. 
Whether this rock is the equivalent of the Conglomerate or 
not is yet wholly conjectural." In thij? coal field analyses 
show the coal to be least anthracitic in the west and most so 
towards the Kavanaugb mountains on the east, in which di- 
rection also the greatest pile of Coal Measures occurs. 
XI. European Anthracite Regions. 

The Irish-South-Welsh coal field. That we have good 
grounds for supposing the southern Irish anthracitic basins 
were originally part of the South Wales coal field few if any 
will deny. Now, as is well-known, the anthracitic portions of 
the latter region and all the Irish anthracite is topographically 
and stratigrapically very similar, that is to say both are adja- 
cent to or flank regions composed of pre-Carboniferous rocks 
of great vertical thickness, though now much folded and enor- 
mously planed down by denudation. The South Wales Coal 
Measures, and perhaps the Irish too, are characterized by 
thick and very numerous strata of sandstone and of grit.* 
Some 12,000 feet is the reported thickness of the Coal Measures 
in Glamorganshire. Is there any reason to suppose that this 
thickness was less where Pembrokeshire, Carniganshire, or 
the St. Georges channel now are? It is true the Devonian 
series thins out in a westerly direction below the South Wales 
coal field. Furthermore the Silurian, Cambrian and older 
rocks of this region of Great Britain are, in a sense, metamor- 
phosed, and local streaks of anthracite are known to occur in 
the Silurian. A reference to the generalized sections herewith 
shows the author's idea as to where the greatest original 
thickness of Carboniferous rocks perhaps was, namely, — 
where the channel is now (see section No. 1). No. 3 shows 
Ireland and South Wales above sea level with the anthracitic 
regions as now remaining after the general upheaval and con- 
sequent crumpling and faulting (seen in section No. 2) and so 
largely removed where the curved dotted lines are in section 
3. If my views in regard to the«e formations and changes 
be something like correct, then the inference is the thickest 

♦See Mem. Geol. Surv. of G. B., vol i, paper by De la B^he. 
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pile of strata was in Pembrokeshire, Cardiganshire, or a little 
west of them, and therefore it was there that subsidence was 
greatest and most heat or maximum debituminization of the 
coal effected the marked siliceous or sandy character of the 
measures, aiding, by reason of its included water, the process, 
not a little. That the noted gradual change in the composition 
or kinds of coi^l of the South Wales basin will be in general 
agreement with the hydrothermal hypothesis now advanced 
seems probable. The deep-seated hydrothermal theory for 
anthracite would appear to furnish a reasonable explanation 
as to why, in the South Wales coal field, the lower coals, as 
followed east beneath the upper seams, become more bitumi- 
nous. The theory also provides a reasonable explanation of 
the phenomenon of practically fiat beds of pure anthracite as 
they occur in Ireland; a ditticulty in accounting for which 
has we think hitherto been felt. Structurally then, there 
is little difference between thti anthracite regions of Wales 
and Ireland and those of Pennsylvania ; especially when the 
points of the compass have been reversed, because in Penn- 
sylvania the change towards anthracite is in the opposite 
direction to what it is in Wales. However it all points to a 
continent in the North Atlantic region from which the Paleo- 
zoic strata were derived, and which perhaps operated princi- 
pally in producing the great regional upthrust and puckerings 
of the earth-crust after the coal period. 

That the Coal Measures in Devonshire and in Brittan3% 
whose leading features may be said to be great thickness of 
sandy shales, sandstones, grit and compact gray quartzites,* 
with int^rstratified, though thin and unimportant (commer- 
cially) layers of anthracite, highly crumpled and oft4?n much 
altered (? metamorphosed), and depressed between elevated 
areas of older rocks — is significant in this investigation. 

In passing, we should not forget the great thickness and 
sandstone characteristic of the Somersetshire coal field and 
its suggestive highly-disturbed southern border, along which, 
unless I mistake, the lowest coal beds are less bituminous than 
the higher and flatter eeame. 

Sir Arch. Greikie Bays " Some Lower Silurian sliales are 

black from dlffuged anthracite." 

^'See Da 1b Btelie*^ leport on Cornwall and Devon. 
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Prof. Thomas in " Coal Mine Gases and Ventilation,^' 1878, 
eayg/'the anthracites are derived probably from organic ma- 
terials which become buried very rapidly under a considerable 
thickness of inorganic matter." In the coal basins of Mons, 
Valenciennes and Liege, the same coal beds which are decid- 
edly bituminous (gras) near the surface gradually become 
antbracitic as traced downwards till they pass into true 
anthracites. In viewing these French and Belgian regions 
we should bear in mind how the Coal Measures are squeezed, 
rolled up and faulted against or by very great thicfenessos of 
older strata, evidently thrust up from once very much deeper 
and warmer regions. A fault exists somewhere in the Pas de 
Calais coal fields with a throw of about 1,200 feet, the down- 
cast side being towards the south. On each side of this frac- 
ture of displacement, at a depth of 900 feet or so, the percen- 
tages of volatiles in thfe coals was markedly different, those 
on the downthrow side having 28 to 30% as compared with 
only 12 to 18% in those on the upthrow side. This shows 
that the deeper the seams are the more anthracitic they get,, 
and that the loss of volatiles was brought about before faul- 
ting occurred. That somewhat similar phenomena are to be 
met with in the deeper shafts of collieries in North Stafford- 
shire, Cheshire, and Lancashire, the writer has reasons to be- 
lieve, at all events the deepest seams, as a whole, approach 
the characteristics of anthracite more than the uppermost 
do. 

In the Prades coal-field, France, M. Roussellier described 
the Coal Measures as reposing in a basin of the Ardeche crys- 
talline rocks, those overlying and underlying the coal series 
being chiefly gneiss and mica-schist. The coals have variable 
dips, and locally, complete contortions are found. "The 
Coal Measures are chiefly composed of variable beds of sand- 
stone and conglomerate, there being very little shale." The 
measures are about 350 metres thick. The field is said to be 
ruptured by a modern volcano, but whic*h "has in no way 
altered the Coal Measures." " The coal is poor anthracite." 
Prof. E. Hull wrote of the Asturius coal region in Spain, 
the chief features of which are "coals belonging to three 
classes, viz., anthracite, semi-bituminous and bituminous.'* 
The strata are thrown into high angles varying from 60® to 
70® and the topography is decidedly hilly. 
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In Saxony we read of the association of conglomerates with 
anthracite. 

In Hungary Liassic coals are reported to occur as semi-an- 
thracite. 

In Switzerland, Savoy, and Italy, anthracite occurs with 
schists and sandstones, considerably flexed and reposing on 
Silurian rocks. Gras says the thickness of the anthracite- 
bearing strata of the Alps was about 25,000 feet. 

In Baden, the coal of Ott'enburg* is anthracite and is bedded 
in a zone of Carboniferous sandstone between the steep gneiss 
rocks at the mouth of the Kinzig valley. The coal beds dip 
at high angles and were originally thought to be cei?ts. 

In the Donetz region in Russia, A. Briill informs us that on 
the southwest the coal field is bounded by crystalline forma- 
tions; on the northwest the measures are highly inclined and 
covered by Permian beds. Sandstone^ are numerous and the 
seams of coal are anthracite. Prof. Hull, in his •K'oal Fields 
of Great Britain," says, *'It is a most remarkable circumstance 
in connection with the Donetz formation, that the same beds 
of coal, from being highly bituminous in the western part of 
the field, pass by imperceptible gradations into anthracite in 
the eastern parts in a manner analogous to that of the South 
Wales coal field in our own country. In the western or bitu- 
minous districts the coals are associated with limestones con- 
taining Spirifer mosquemtiH. Towards the center these calca- 
reous beds tail out and are replaced by beds of sandstone and 
shale, which become hardened and altered as the coal seams 
become anthracitic." 

In the Province of Leon, Spain, Hausmann (in Q. J. G. S., 
vol. 7, part 2, p. II) reports extensive coal beds of great 
thickness, much tilted and squeezed between highly inclined 
rocks (in a mountainous region) in a remarkable manner; 
moreover clay slates, sandstones and quartzites abound in the 
Coal Measures. 

In the district of Oporto, Portugal, S. C. Ribeirs (in Q. J. 
G. S., vol. 19, part 2, p. 9) describes anthracite of more than 
one grade occurring in association with clay slates, breccias, 
sandstonee and quartzites, with steep dips and metamorphic 
aspects. _^___ 

, *M. Jiodwigy Q. J. G. S., vol. 14, p. 26 of notes. 
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XII. Asiatic and Other Anthracite Regions. 

In Asia Minor. 8pratt refers to semi-bituminous coals asso- 
ciated with shales, schists, sandstones and conglomerates of 
great thickness in a valley between high ranges of hills, the 
coal beds lying in folds, etc. (See Q. J. G. S., vol. 83, p. 524.) 

The Singareni coal field, Hyderabad, India, (according to 
Mr. J. P. Kirkup) reposes in a basin or valley surrounded by 
raetamorphic schists, et<;. Its coal beds are bituminous to- 
wards the surface and semi- bituminous in depth. They are 
interstratified with sandstones and exhibit the usual faulting 
and bending up against the basal rocks, which are greatly 
eroded. 

In Annam. at Nong-son, P. de Bure mentions coal of an- 
thracite nature embedded in slaty sandstones, and having 50*^ 
inclination. 

In India, in Sikkim, very foarse-grained (Joal Measures or- 
itur, carrying seams of anthracite coal. The beds are much 
tilted and the region is adjacent to the Himalayas. 

Again in China, good anthracite is reported to occur in the 
hill country not far from the sea coast. The seams are highly 
inclined and, as followed upwards in order of formation, are 
found to grade into semi-bituminous and strictly bituminous 
coals. 

In New South Wales there are said to be about 11.000 feet 
of C'Oal Measures in the whole coal system. In the Lower 
Coal Measures (Greta series) semi-bituminous coal beds occur 
and conglomerates are by no means unknown. 

In Tasmania we read '*the sandstone cropped out with the 
coal at Port Arthur." **The first coal wrought in Tasmania 
was the anthracite of Port Arthur.'' 

In Japan anthracite coals are stated to occur. 

Alaska, Vancouver and Queen Charlotte islands are also 
reported to possess beds of fine anthracite. 

XIII. Conclusion. 

In regard to the hot water theory, it should be said that 
high heat was not necessary to convert bituminous coal into 
anthracite (Le Conte). Probably 300^ to 400'^F. would suf- 
fice to make the change. Daubree found that when the waters 
of conversion were alkaline, it took less heat t^i accomplish 
metamorphosis; in other words, alkali or mineral waters aid 
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the proce«« of anthracitification. Prof. A. H. Green has re- 
marked that coal often becomes much more carbonized when 
its roof changes from a shale or clayey one to sandstone, a 
statement the author endorses from personal observation in 
coal mines, though of course there are exceptions. The author 
would submit that the reason why some benches of anthracite 
seams are locally more carbonized than others* is because the 
different benches were originally or subsequently not all 
equally water-soaked or similarly acted upon by the hydro- 
dynamic influences to which they were differentially sub- 
jected. He also submits that the included water of the Coal 
Measures, when under thermal pressure, would be forcibly 
injected or diffused among and through the organic as well 
as the inorganic constituents of the strata to such a degree as 
would bring its action within layers or beds, under ordinary 
conditions, largely excluding it. And in regard to thrust-pres- 
sure, it is not likely that the pressures that. were concerned in 
the folding, crushing and faulting of the anthracite Coal Meas- 
ures were sufHcient to create heat enough to still further 
anthracitize anthracite to an appreciable extent, assertions to 
the contrary by men of note notwithstanding. To the jam- 
ming and squeezing of plication and fracturing most of the 
**slip8," "faces.'' **backp," '^cutters," ^joints," etc., of miners 
may be attributed. 

In the author's paper entitled **Anthracite and Bituminous 
(V>al Beds. An Attempt to throw some light upon the man- 
ner in which Anthracite was formed; or Contributions to- 
wards the Controversy regarding the Formation of Anthra- 
cite," read before the Geological Society of London, t:5th 
January. 1893, and from the discussion that followed it, it 
appeared tolerably clear that the association of arenaceous 
strata and anthracite was something more than accidental. 
From a much wider range of observations I think we have 
now pretty thoroughly demonstrated this circumstance, thus 
showing that the almost world-wide proximity of the two 
materials is something more than a mere coincidence. And 
while I am prepared t(» believe that anthracite may have been 
produced by regional nietaraorphism ia the absence of any 
considerable thickness of sandstones, etc., in some localities. 



***Clafl8iflcati()n and C'()miK)Rition of Pa. Anthracites," by C. A. Ash 
burner. 1880, p. 19. 
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such situations seem to be at present unknown, undescribed 
or comparatively insignificant — the exception rather than the 
rule. 

Thus it seems reasonable to suppose that wherever strata 
carrying coal-seams (no matter of what geologic age) were 
accumulated over regions of great thicknese of older sedimen- 
tary rocks, or where conditions favored or ultimately led to 
subsidence, followed by extensive and prolonged elevation, 
where the coals underwent partial metamorphosis, they were 
thrust up, enormously reduced in bulk by denuding agencies; 
the reason why. they g^^nerally now occupy or are principally 
confined to elevated situations (stratigraphically) is explained. 

If therefore extensive beds of anthracitic coal are not met 
with or do not exist in regions characterized by flat country 
and comparatively level strata,* the reason is because the 
Coal Measures are not in proximity to existing or extinct 
(eroded away) mountains, and do not overlie stratified rocks 
of excessive vertical thickness. Thus the origin of anthracite 
is connected with one of the greatest or most profound pro- 
blems in physical and dynamical geognosy. 

If there be anything to be gained practically from this 
theory it is that it is of little use looking for anthracite ex- 
cept in regions where mountains exist or were once upon a 
time a feature of the t<»pography as the uptilted and eroded 
strata may be evidence of. 

If my observations shall lead others to make further and 
closer investigation in this connection, with a view of substan- 
tiating or refuting my hot water theory for anthracite, and 
other collateral conclusions, and assisting to get at and estab- 
lish the truth of the matter (so far as is permitted to us), 
the writer's aim will have been achieved. The elicitation of 
suggestions is respectfully invited and a wholesome criticism 
anticipated. 

*E. g. Northumberland, Durham, York., Nott., Derbyshire, Ohio, 
Ind., Mich., 111., &c. 
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SERIAL NOMENCLATURE OF THE 
CARBONIFEROUS. 

By Charles R. Keybs, Jefferson City, Mo. 

When the problem of subdividing the Carboniferous of tlie 
upper Mississippi valley came up for consideration, a few 
years ago, it was found that the limits ascribed to the com- 
monly recognized divisions were not only unnatural ones but 
that they were not the same in different states or even in all 
parts of the same state. It was seen, however, that with some 
modification of the existing arrangements, in Iowa and Mis- 
souri particularly, all the strata of the upper Carboniferous 
could be grouped into two series corresponding in a general 
way to the *Mower" and "upper" Coal Measures. It was 
then proposed to abandon the old names and to oifer in their 
stead the geographic titles of Des Moines and Missouri.* 

Since the two terms mentioned were first introduced into 
geological literature they have been extended to other parts 
of the region. In several cases, however, there appears to be 
some misconception regarding the original usage of the terms 
and their exact taxonomic rank. This misunderstanding of 
the real extent of the terms is particularly noticeable in two 
recently published articles, one on the lower portion of the 
Kansas Coal Measuresf and the other on the upper part of 
the Carboniferous of the same state. J The accompanying 
note, however, is not intended as a criticism on the excellent 
work lately done in Kansas. It is rather a statement made at 
this time to correct certain erroneous expressions which do 
not appear to be confined entirely to those papers already 
published, and to point out more clearly than has been done 
the exact vertical extent of the formations and the relations 
of the Kansas divisions to those of the neighboring states. 

It is well known that, on account of the great industrial 
value of the mineral deposits contained, the Coal Measures of 
the Mississippi valley were the first to receive special geologi- 
cal attention. Yet notwithstanding this fact it has only been 
of late years that satisfactory information has been obtained 
upon which to base a subdivision that is applicable to the en- 
tire Western Interior province. The local classifications, if 

♦Iowa Geol. Sur., vol. i, p. 85, 1893. 

J Kansas Univ. Quart., vol. in, pp. 271-278, 1895. 
Journal of Geologyt vol. ui, p. 800, 1895. 



Serial Nomenclature of (he Carboinferoua. — Keyes, 23 

they may be so called, have been very geneniJ and very inde- 
finite. In no way are any of them to be exactly parelleled 
with those of adjoining. localities. Moreover they are per- 
fectly arbitrary, with little or no attempt to delimit the for- 
mations either on natural, stratigraphical or faunal grounds. 
Of late, detailed investigations by different individuals have 
been going on over a large portion of the region, first in Iowa, 
then in Missouri and finally in Kansas, with some reconnais- 
sance work in Nebraska, Indian Territory and Arkansas. A 
sufficient number of facts have now accumulated to indicate 
plainly the positions of the lines of demarkation between the 
principal larger divisions. These have been found to be well 
defined over the whole basin. Smaller subdivisions, which are 
of only local consequence and which differ widely in different 
localities, may be established later. Local members have been 
already named for the greater part of Kansas. Progress in 
the same direction has been made in Missouri and Iowa, 
though the naming of the minor subdivisions has been 
deferred until a careful comparison in all the various aspects 
can be undertaken. The subdivisions of the Carboniferous 
heretofore usually recognized in the Western Interior basin 
are: 

1. Permian. 

2. Permo-Carbonifcrous. 

3. Upper Coal Measures. 

4. Middle Coal Measures. 

5. Lower Coal Measures. 
C. Lower Carboniferous. 

The Carboniferous rocks of the world are commonly re- 
ferred to one of three great classes : the Lower Carboniferous 
(Sub-Carboniferous), Carboniferous proper (Coal Measures), 
and the Permian. In the Mississippi basin only the first two 
of these have heretofore been considered as well marked divi- 
sions. The third and uppermost has claims to recognition 
west of the Missouri river, but it is doubtful whether in any 
of the region east of that stream this member exists. Al- 
though so important a formation in many parts of Europe, 
where all members of the Carboniferous were first studied and 
defined, the so-called Permian of the Mississippi province 
does not assume such great importance as a distinct geologi- 
cal division. In the region under consideration the beds re- 
ferred to it occur in Oklahoma, Kansas and Nebraska. 
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In considering geological classifications for any region, 
great or small, it has come to be recognized of late years that 
no satisfactory arrangement can be established in accordance 
with any one standard of comparison yet devised. It can 
only be accomplished as the final outcome of a comparison of 
all groups of pertinent data, by an interpretation of all the 
branches of the physical history taken ensemble. Applying 
these principles to the region under consideration and weigh- 
ing all the evidence derived from the different lines of testi- 
mony a basis is believed to be found that will furnish a 
natural and satisfactory classification of the strata that is 
applicable 'throughout the extent of the Western Interior 
basin. In the Carboniferous of the region there are recogniz- 
able three distinct classes of sediments: (1) the marginal or 
coastal deposits, (2) the strata laid down in the more open 
sea, and (3) the off-shore depositions. These form four series, 
which are so arranged that the off-shore sediments form the 
top and the two maritime formations are separated by the 
coastal deposits. 

The four series are sharply contrasted. The first comprises 
heavy-bedded limestones, rich in marine fossils, but with com- 
paratively little shale and scarcely any sandy material. The 
second series is characterized by rocks that are prevailingly 
sandy and clayey shales and sandstones with scarcely any 
limestone. The individual beds rarely have a wide geograph- 
ical extent, but replace one another in rapid succession, both 
laterally and vertically. The fossils contained are largely 
brackish-water or shore species ; remains of pelagic organisms 
are not numerous. These and many other phenomena attest 
a constantly shifting shore-line and shallow wat^r. The third 
class of beds is composed largely of calcareous shales, with 
heavy and numerous strata of limestone. The clay shales and 
sandstones are practically absent. The individual layers, es- 
pecially the limestones, are homogeneous and continuous over 
br(»ad areas. The faunas are composed chiefly of the more 
strictly open sea forms. The fourth series is more closely re- 
lated in its lithological features to the second, but the calca- 
reous beds are more numerous, particularly in the lower part, 
and all the layers have much greater continuity. In the latter 
respect it approaches the third class. 
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It is proposed therefore to recognize in the *'upper" Car- 
boniferous of the Western Interior province three series hav- 
ing equal taxononiic rank. The entire Carboniferous of the 
region would be arranged as follows : 

{ Oklahoman. 

Carboniferous J Miiwoumn. 

I Des Moines. 

1 Missisaippian. 
The Mississippian series is the basal portion of the Carbon- 
iferous. It is almost entirely composed of limestones and the 
more open sea depositions, which contrast sharply with the 
shore deposits superimposed upon them. A marked line of 
unconformity separates the two classes of deposits. From 
this line it includes all beds below to the Devonian. To this 
basal series of the Carboniferous the term "Subcarboniferous" 
was widely applied until recently, when the title "Lower Car- 
boniferous" was substituted. The history of these names and 
their various applications has been so fully reviewed lately* 
that there is little to add. The title Mississippianf is a revi- 
val, with a slight terminal modification, of a name originally 
suggested by Alexander Winchell.J 

As a definite geological term the name Des Moines was pro- 
posedg for the principal coal-bearing strata of Iowa and 
Missouri, embracing essentially what had been previously 
called the •* lower " and " middle " Coal Measures. The name 
was given because the Des Moines river flowed, for a distance 
of more than 200 miles, directly through the area occupied by 
the beds of this age. Moreover, Owen || had early applied the 
term of Des Moines coal field to the region, though without 
modern geological significance. The formation was defined 
as extending in a broad belt from north-central Iowa south- 
ward into Missouri, following around the northern and wes- 
tern flanks of the Ozark uplift into Kansas and Indian Terri- 
tory. The designation was designed to apply to one of the 
main divisions of the Carboniferous, as is manifestly shown 
in dividing into two principal parts all the Coal Measures of 

♦Mipsouri Geo!. Sur.. vol. iv, pp. 43-44, 1894. 
tWilliams: Bull. U. S. Geol. Sur., no. 80, p. ia^>, 1891. 
JProc. Am. Philos. Soc, vol. xi, p. 77, 1879. 

§Mon. Rev. Iowa Weather Service, vol. iv, p. 3, 1893: and Iowa Geol. 
Sur., vol. I, p. 85, 1893. 

|Proc. American As. Ad. Sci., vol. v, pp. 47-50, 1851. 
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Iowa and Missouri. Although minor subdivisions had been 
recognized it was not thought necessary to specifically state 
the fact until the whole sequence had been made out and 
appropriately defined. 

As a series the Des Moines formation is perhaps not so im- 
portant as any one of the other three members of the Carbon- 
iferous system, yet a knowledge of its stratigraphy will always 
be much more complete for the reason of the great economic 
value of its mineral contents and of the great extent to which 
these are being continually sought. At the same time the 
series is, as compared with the others, much more complicated 
stratigraphically, its lithological characters change rapidly 
from place to place and from horizon to horizon, and its 
faunas and floras are variable. In itself it is a very compact 
series, sharply set off from the other members both geologically 
and geographically. Although when Des Moines was first 
proposed as a geological term the formation was not referred 
Uy a specific vertical section nor its exact upper limits defined 
it was clearly stated and repeated subsequently* that it was 
sharply contrasted with the rocks of the next higher stage in 
lithological, stratigraphical and faunal characters, and that 
the change took place where the limestones began to come in. 
Soon after,f however, the superior line was located definitely 
at the base of the first great limestone, the Winterset lime- 
stone of Iowa and the Bethany limestone of Missouri. The 
upper delimiting horizon of the series is therefore the bottom 
of the limestone, which forms the basal member of the over- 
lying series. 

The nominal history of the Missoiirian series is essentially 
the same as that of the Des Moines. In using the name Mis- 
souri to designate^ a geological formation it was in the sense 
of covering all that had been previously called the *• upper '' 
Coal Measures. The lower limit was placed§ at the base of 
the Bethany limestone. In neither Iowa nor Missouri was the 
full sequence represented and consequently beyond consider- 
ing it co-extensive with the *' upper Coal Measures" little 

♦Iowa Cieol. Sur., vol. ii, p. Ill), 1894. 

I Missouri GpoI. Sur., vol. iv, p. 82, 1891. 
Mon. Rer. Iowa Weather Service, vol. iv, p. 3, 1893 ; aud Iowa Geol. 
Sur., vol. I, p. 85, 1893. 
gMisBouri Geol. Sur., vol. iv, p. 82, 1891. 
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was said regarding the exact superior limit. Subsequent in- 
quiry showed that a definite line of delimitation was yet to be 
decided upon; but this was soon proposed by Prosser* who 
placed it just above the Cottonwood limestone of central 
Kansas. This author, however, appears to have misinterpre- 
ted the scope of the proposed Missouri formation for he makes 
it a subdivision of the " upper Coal Measures" and of equal 
rank with two other formations which he names the Wabaun- 
see and Cottonwood (limestone), whereas both of the latter are 
minor divisions of the upper part of the former. 

The name Missourian was adopted for the reason that the 
formation is typically developed in the northwestern part of 
the state of Missouri, and the great Missouri river also winds 
its way for a distance of more than 400 miles through the 
beds of this age. The series is made up of strictly marine 
beds. It is terminated above and below by limestones. The 
basal member, the Bethany limestone, separates it sharply 
from the shore deposits of the Des Moines series which lie 
beneath it. The top of the Cottonwood limestone forms a 
superior limit that is at once distinctive and easily recogniz- 
able in all geological characters. 

In suggesting the name Oklahoman as a serial geological 
term it is intended to apply to all those rocks of Carboniferous 
age which occur north of the Canadian river in Oklahoma 
and which lie between the interval of the top of the Missour- 
ian series and the base of the Cretaceous. It may be regar- 
ded as essentially covering the same succession of strata that 
has long been vaguely known under the title of "Permian.'' 
The name is derived from the territory in which the formation 
has its best development and in which the most complete 
sequence is represented. The best sections across the belt 
appear to be exhibited along the Cimarron, Arkansas and 
Kansas rivers, and these sections may be considered typical. 
The beds composing the formation constitute the highest ser- 
ies of the Carboniferous in the Interior basin. Although there 
has been little detailed study in the region regarding tlie rehi- 
tions of the series under consideration and the Cretaceous 
above, it is well known that the latter rests in marked uncon- 
formity upon all four series of the Carboniferous and at the 
north extends over still older formations. 
♦Journal of Geology, vol. iii, p. 800, 1895. 
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Regarding the lower limit there has been until very recently 
no satisfactory horizon decided upon. As the so-called Per- 
mlan in this part of the continent is essentially co-extensive 
with the Oklahoman series the discussion of the former may 
be properly considered as applying to the latter. This has 
already been referred to in connection with the location of 
the summit of the Mlssourian. The Oklahoman therefore 
reached dow^nward to the top of the Cottonwood limestone, 
which sharply separates ft from series beneath. 



NOTES ON CAMBRIAN FAUNAS-THE GENUS 

MICRODISCUS. 

By G. F. Matthew, St. John, N. B., Canada. 

This genus, which by the small number of its pleural joints 
is almost on a par with Agnostus. exhibits a variation of form 
according to the age of the beds in which it is found, showing 
a development of the type comparable to that in Agnostus, 
but on different lines. 

In the Olenellus fauna three types of the genus Microdiscus 
are found, distinguishable by the form and length of the gla- 
bella and the number of rings in the axis of the pygidium. 
Two of these types show in the Paradoxides zone, but are re- 
markable for the great development of the occipital spine. 
This spine is not merely an extension of the crest of the occip- 
ital ring, but carries with it the posterior part of the glabella ; 
hence like Agnossus these species have the occipital ring, ei- 
ther quite obscure, or entirely effaced. Two types were long ago 
recognized in the Paradoxides beds by the late professor C 
F. Hartt, who gave to one the name Dawsonia* and to the other 
Eodiscus.f 

We cannot trace any increase of the number of joints in the 
thorax that may seem relative to the geological age of the 
form, except that while Kpeclosus of the Olenellus fauna has 
three joints, puHctnOts of the Paradoxides fauna has four. 
On the other hand, however, sculpt us and dawsoni^ both of the 
lower Paradoxides fauna, have respectively four and two^ 
joints. 

♦Acadian Greoloj^y, 2d ed. p. 655, fig. 228. 

tU. S. Gk^ological Survey, Bulletin 10, p. 24. pi. ii, figs, la to c. 

jln M, daiVHoni this is for an individual not fully grown. 
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It 18 otherwise with the occipital spine, for in all the spe- 
cies of the Olenellus zone this is only an obtuse protuberance 
including the last lobe of the glabella and the occipital ring, 
most pronounced in M. hefena ; but in the Eodiscus section, in 
the Paradoxides zone, the length of this spine bears a direct 
relation to the special sub-zone in which the species is found. 
Thus precursor and sitecicus are found in the Eteminicus 
(=rugulosus) sub-zone, />m/cAc//«/« in the Abcnacus (=sTes6- 
ni) sub-zone, punctntas and encentrus in the Davidis sub-zone. 

All the long spined species may be said to belong to the 
Paradoxides fauna, but the species with blunt o.-cipital rings 
to the Olenellus fauna: and of the species of the Paradoxides 
beds, those which bore the longest spines appeared latest. 

The following scheme will show how the species of Micro- 
discus are related to each other : 

Grenus Micbodiscus. 
Section, lobatus. Long glabella, occipital ring obtusely pointed. 4-6 
rings in the pygidium. 

OlftnPlIiis 7onft \ ^' 'o^a'w* Hall, M, meeki Ford. 
Uleneuus zone j ^ parkeri Wale, 3f. helena Wale. 

Section, speciosus. Long glabella, occipital ring obtusely pointed. 10- 

12 rings in the pygidium. • 

Olenellus zone, M. speciosus Ford, 3/. bellicincfus S. & F. 

Section, Dawsonia. Short glabella, occipital ring spined. 6 rings, and 

lateral costa in the pygidium. 

Paradoxides zone, M. dawsoni Hartt, M. sculpius Hicks.* 

Section, Eodiscus. Short glabella, occipital ring pointed or spined. 

a, — 6-12 rings in the pygidium. 

Olenellus zone, M. schucherti n. sp., occipital ring pointed. 

9 M. connexus Wale, ** ** spined. 

6, — Pygidium unknown. 

Paradoxides zone ( Jlf./)recMr»or Matt., occipital ring, 

(P. eteminicus, sub-zone.) S with short spine. 

Pygidium with 10-12 or more rings, long occipital spine. t 

(P. eteminicus, sub-zone.) ( M. suecicus Linrs., M. pulchellus 
(P. abenacuB, sub-zone. ) J Hartt. 

(P. davidis, sub-zone.) M. punctatus Salt., M. eucentrus Linrs. 

Note on the two species of the Of en el tits ztnie. 

Through the kindness of Mr. ('has. Schuchert I received 

several years ago a number of fossils obtained from the Ole- 

*I>r. Hicks does not figure or mention an occipital spine as existing in 
this species. On account of the associated fauna and the resemblance 
to M. dawsoni^ I assume that it had one. 

tLdDDarsBon's figure of M. suecicus does not represent this spine, but 
his description implies that this species possessed a spine. 
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nellus beds near Troy. N. Y. Having lately examined these 
in connection with a study of the species of this genus, found 
in the Paradoxides zone, I have had occasion to pen the fol- 
lowing note : 

MicrtnliscHS Jobatus Hall. 

Among Mr. Schuchert's fossils were a number of trilobite 
shields bearing the above name, and among them a good ex- 
ample corresponding to the figure and description of the head- 
shield of that species, as given by Mr. Walcott. The example, 
however, is considerably larger than the one described by that 
author,* and the furrows of the glabella not so distinct as 
represented in the description. 

In the "Fauna of the Olenellus zone'' Mr. Walcott says the 
figure referred to M. lobafus^ fig. Irz, is probably that of a 
young specimen of J/, speciosus: but the example of M.toha- 
ftta received from Mr. Schuchert very nearly corresponds to 
this figure, and yet is nearly as large as the adult shield of 
Jf. apeciosus represent<^d by figure 8r.f I judge, therefore, 
that Mr. Walcott's first determination of fig. \a as the head 
shield of M. hihutus was correct, though it represents a young 
individual, while fig.l is a still smaller head retaining embry- 
onic characters. Whatever may be the fact, fig. \a very fairly 
represents the appearance of an example of M, /ohafus, head 
shield 4 mm. long. 

Among the fossils received from Mr. Schuchert were a num- 
ber of examples of a new species of Microdiscus, which is of 
considerable interest, as presenting in the Olenellus beds an 
ancestral type of the section Kodisvtis^ which became so 
greatly expanded in the later (Paradoxides) fauna. The f()l- 
lowing are its characters: 

Microdiscus schucherti n. sp.}: 

Head shield 8t»mi-circular, one quarter wider than long, fiattened in 
front, drawn in and upturned at the genal angles; axis projecting he- 
hind. Anterior marginal fold enclosing at the front a flattened area, 
which is indented in front of the glabella. Glabella two thirds of the 
length of the shield, cylindro-conical, depressed in front, elevated and 
projecting backward behind: three pairs of furrows faintly impress the 
sides. Occipital ring not visible. Cheeks mcKlerately arched, not meet 

*U. S. (ieol. Surv., Hull. 3(), p. l.KJ, pi. xvi, fig la. 
tU. S. Geol. Surv., Bull. 30, pi. xvi. 

JFiguresof this species will probably appear in the Transactions of 
th«* New York Academv of Science. 
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ing in front of the glabella. Posterior marginal fold wide at the outer 
end, shield narrower here than opposite the cheeks. 

Thorax not known, but the relief of the approximate margins of the 
two shields indicates a prominent rachis and strongly geniculated 
pleura, with furrows directed forward. 

Pygidium longer in proportion than the head-shield and more decid- 
edly arched. Rachis nearly three quarters of the length of the shield: 
it has about six joints, the anterior four prominent and each crowned 
with a tubercle. Side lobes sloping down to a flattened marginal fold, 
which is strongly geniculated at the front, with an almost vertical outer 
slope. 

Sculpture, Surface of both shields minutely granulate. 

Size, Length of pygidium 3 mm.; width 4 mm.: the head shield is 
somewhat shorter. 

Horizon and hwality. Limestone of the Olenellus zone at Troy, N. 
York. Collected by Mr. Chas. Schuchert. 

A coniparipon of the young or larval formp of M.pvtvhellns 
or M, punctatnn with the adult of this species is quite instnic- 
tive%nd shows how this type has changed from the time of 
its api)earance in the Olenellus zone until its extinction in the 
P. davidis sub-zone. Especially do we see how the anterior 
axial furrow originated on a flattened margin, first with a 
small pit in front of the glabella, as in M. schncherti^ then 
passing to a furrow as deep as the dorsal or the marginal fur- 
rows, and then in the tumid species, when the whole shield be- 
comes strongly arched, this axial furrow beeomos much 
shallower and tends to disappear. 

Comparing with Agnostus, the pit in J/, schncherti in front 
of the glabella is parallel to the sharply indented furrow of A, 
Jii<sHif, and while in the thick-shelled sections Limbati, Parvi- 
frontes and Litvigati, of Agnostus this furrow is effaced, in 
the thin-shelled Longifrontes. or at least the majority of them, 
this furrow being necessary to stilFen the front of the shield, 
is retained. 



ON THE OCCURRENCE OF SILURIAN STRATA IN 

THE BIG HORN MOUNTAINS. WYOMING, AND 

IN THE BLACK HILLS, SOUTH DAKOTA. 

By C. E. Beecher, Now Haven, Conn. 

At the request of W. H. Weed of the United States Geologi- 
cal Survey, the writer herewith makes a brief statement re- 
garding two western loealities of Silurian, one of which, so 
far as known, has not been hitherto noticed. Their chief 
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interest lies in the fact that few identifications of similar 
horizons have thus far been made in the Rocky mountain 
region. Unfortunately most of these ar« more or less uncer- 
tain because based upon species having a considerable geo- 
logical range, and, therefore, not determinative. Apparently 
nothing short of a thorough study of these western faunas, 
together with an abundance of material, will permit of exact 
correlations with geological standards elsewhere. 

This was shown conclusively by Walcott in the Canyon 
City section, Colorado, where the fossil faunas from the Har- 
ding sandstone and Fremont limestone have a distinct Trenton 
facies, although there is a decided commingling of* what would 
be considered in New York state as typical Niagara species.* 
Therefore the discovery of Halysites in the Wasatch range, 
by Hayden ; in the Wind River mountains, by Comstock : in 
Nevada, by Hague; and in the Teton range by Bradley, does 
not necessarily imply the presence of Niagara strata at these 
localities. A knowledge of the complete faunas may show 
that some are Hudson and others Trenton, while still others 
may be really Niagara, as they appear at first sight. 

The fossils from the first locality to be noticed were collec- 
ted by Capt. G. E. Bushnell, U. S. A., and presented to the 
Yale Museum. The specimens were obtained from near Buf- 
falo, Wyoming, on the eastern flanks of the Big Horn moun- 
tains, and occur in a hard yellow, siliceous dolomite, in which 
the organic remains are completely silicified. Corals are the 
most conspicuous and abundant forms. Ilelioliles interstinctas 
L. and lliilyHi(€s catenulatus L. being especially numer(»us. 
With them are also Fa cast tea and cyathophylloid corals of 
Zaphrentis and Amplexus types. The only brachiopods are a 
fragment of a lihynchotremn related to R. increbeacetis, and a 
single small SvenitUumAik^ shell, which may be the young of 
a large Orffiis. 

Were it not for the Lower Silurian (Ordovician) fauna at 
Canyon City, and the doubtful presence of 7?. tucrehescetts^ 
these fossils would be unhesitatingly correlated with the 
Niagara, but in view of what is now known, the possibility 
must be admitted of their finally proving to be of Trenton or 
Hudson age, and without larger collections their precise hori- 

"♦Hiill. G. S. A., vol. 3. i>p. 153-172. 189-2. 
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zon must remain indeterminate between the limits of the Tren- 
ton and Niagara. 

The other locality to be mentioned is a few miles southeast 
of Deadwood, South Dakota, and was visited by the writer in 
1889. Here a heavy bedded, yellow limestone occurs above 
the Cambrian and at some distance below the Carboniferous 
limestone. Fossils are not abundant, the only forms observed 
being a large annulated orthoceratite and a large gastropod. 
Specimens of these were sent to Walcott by F. R. Carpenter 
in 1891, and determined to be Endoceras nnnvlatum and 
Maclurea lognnt\ and therefore indicative of Trenton age.* 
Examples of llalysltes from this region led the writer to infer 
the presence of Niagara, and it was so recorded in the fourth 
edition of Dana's *• Maaual of Geology," but, as in the pre- 
vious instance, recent investigations have shown the unreli- 
ability of several species generally considered as characteris- 
tic of the American Niagara, notwithstanding that in Europe 
the same forms are well known to have a wide vertical range. 



THE AMOUNT OF WATER IN THE EARTH'S 

CRUST. 

W. B. Greenlee, Ithaca, N. Y. 

In order to ascertain the amount of mechanically contained 
water in the earth's crust I recently made the following com- 
putation : 

I considered it safe to assume that the crust of the earth is 
filled with water and that the maximum porosity of rocks 
which can be obtained in the laboratory, though not the 
greatest possible porosity, is less than that of the crust of the 
earth for a distance of one mile from the surface. 

One mile is taken as an approximate thickness since that 
seems- to be a fair average of the thickess of sedimentary 
rocks over the surface of the earth. 

Assuming then that the earth is saturated with water to 
the depth of one mile, we have next to determine the relative 
amounts of its constituent rocks and their respective porosi- 
ties. 

The surface of the earth may be divided into two divisions, 

first, that covered with sedimentary rocks, and second, that 
♦Loc. cif., p. 163. 
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covered with igneous and met amorphic rocks. To ascertain 
the relative areas the United States and Europe were selected 
as typical of the land surface. The United States was divided 
into three regions: (1), that east of the Mississippi river; 
(2), that between the Mississippi and Colorado ; and (3), that 
between Colorado and the Pacific. The first region was di- 
vided as to the relative amounts in each state and the results 
added. The central region was bulked as sedimentary rocks 
and the western region was called half sedimentary and half 
igneous and metamorphic. The results showed that 31.2 per 
cent, of the surface of the United States is covered with ig- 
neous and metamorphic rocks. 

In Europe each country was separately divided and the 
percentage of the respective sums taken. This proved to be 
19.8 per cent. An average of these results, by coincidence, is 
25.5 per cent, or, roughly speaking, three-fourths of the land 
surface of the earth is covered with sedimentary rocks, hav- 
ing an average thickness of one mile. 

Ditftculty was encountered in ascertaining an average po- 
rosity. Sections were taken in various parts of this country, 
notablv the 127,000 ft. generalized section of the Rocky 
mountains, a generalized section through New York, Pennsyl- 
vania and Ohio by various authorities and Fairchild's section 
at Rochester, N. Y. A mean and average rock would appear 
to be a fine-grained sandstone or limestone. 

The most accurate determination of the porosities of rocks 
has been made by Prof. Bauschinger of Munich. He found 
the average porosity of upwards of 300 specimens of sand- 
stones and limestones to be 20% of their volumes. Two per 
cent, may be taken as a low average for igneous and metamor- 
phic rocks. 

The most recent and careful computation of the respective 

• 

areas of sea and land on the earth's surface is that by M. 
Thoulet in his ^-Oceanographie." This he gives as 368,000,000 
kilg. for the sea and 142,000,000 kilg. for the land, or reduced 
to square miles, 142,084,860 and 54,826,200 respectively. 
Three-fourths of the land is 41,119,650 square miles, and one- 
fourth, 13,706,550 square miles. Taking 20% of the former 
and 2% of the latter and adding we get 8,498,061 cubic miles 
of water. 
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Thoulet estimates the volume of the oceans at 1,347,874,860 
cu. kil., which reduced to English measure equals 818,191,728 
cu. miles. 

The estimated amount of mechanically contained water in 
a section of a mile over that part of the earth's crust covered 
by land is thus 2.7% of the water now on the earth's surface, 
or a layer 88 feet deep over its entire surface. 

There is undoubtedly a large amount of water below one 
mile, but we can only conjecture as to the amount, nor does 
this estimate include that chemically contained. No estimate 
was made of the amount of wat^r beneath' the bed of the 
ocean, as we have no way of knowing of what it is composed 
or how thick the permeable layer is. This too would increase 
the total. 



EDITORIAL COMMENT. 



The present condition of the Geological Society rightly 
gives its friends a gratiliec^ confidence in its long life and 
wide usefulness. It came none too soon and, under the guid- 
ance of judicious officials, it has suffered neither the ills of 
prematurity nor the sequelep of o'er rapid growth. No rival- 
ries or schisms divide its ranks, and its membership is work- 
ing compactly and in perfect harmony toward the objects of 
the association. Our attention, however, is often forcibly 
directed to the fact the Society's results, as shown in its pub- 
lications, are almost exclusively geological. This is as it 
should be, for such an end the organization exists. Here and 
there among the bulletins of the Society will be found paleon- 
tologic papers of character, but these are extremely few and 
upon looking over the membership list we must infer that 
they have had therein but few readers. How many of the 
members have read, for illustration, the papers of Jackson 
and Jaggar on the morphology of certain echinodernis? and 
with what propriety anyway, one may ask, do such papers, 
however excellent, appear in the publications of a geological 
society? They contain nothing geologic except that the sub- 
jects are fossils ; their method is not germane to the geologic 
mode and their conclusions altogether beyond the scope of 
the geologist. On the other hand, how many of the handful 
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of paleontologists in the raenibership keep in touch with the 
body of the Society's work, devour and digest its important 
petrographic, stratigraphic, orographic, tectonic and glacio- 
logic papers? Undoubtedly not one. While these paleontol- 
ogists will of course be welcomed constituents of the Society 
as long as their fees are paid, we wish to here observe how in- 
creasingly peculiar the status of the paleontologist is becom- 
ing with reference to his nearest neighbors, the geologist and 
the zoologist. Paleontology, suggests a recent writer, is a word 
which has lost its usefulness; let the student of extinct or- 
ganisms station himself in the ranks of the biologist where 
he belongs. That this is where he already is no one can deny 
who will consent to use the term biology with precision. But 
nevertheless a paleontologist becomes uneasy and bewildered 
when forced into commerce with men who know not the ham- 
mer and chisel, but ply the scalpel and microtome and who 
pasture only on soft tissues. The methods of the two are as 
widely unlike as it is possible for them to be, and there are so 
few in either that are excellent in, both lines of work as to 
raise a fair doubt that these distinct accomplishments are 
within the reach of ordinary assiduity. There are a few bril- 
liant cases proving exceptions to the statement that when the 
zoologist ventures among fossil forms he generally makes a 
mess of it. Certain it is that the first element in the making of 
a paleontologist is geological, and this element must be most 
scrupulously nurtured if the best results are to be acquired 
from the study of either the morphology of extinct organisms 
or the significance of extinct faunas. Let him borrow as he 
can from the zoologist, he repays abundantly in broader con- 
ceptions of animated nature and in the interpretation of the 
history and significance of existing life forms. Is the paleon- 
tologist, primed with his preliminary geological training, 
better fitted for his work by the courses in zoological demon- 
stration as usually offered in the German, English and Amer- 
ican universities? Little; and for the reason that teachers 
of zoology seem to interest themselves but little in the out- 
come of paleontologic investigation, or if they know its 
reBults do not recognize them as such. Time and again has 
the zoologist been compelled to remodel his plans at the behest 
of the paleontologist and if the former eschews an organism 
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into which he can not inject his staining fluids and which is 
insubordinate to his knife, the latter is justified in feeling 
that his colleague should not attempt to unfold the whole plan 
of nature from the few remnants of life left upon the earth. 
With the geologists this man is the lender. In questions of 
stratigraphy among sedimentary rocks he is the court of last 
resort. The "stratigraphic geologist" exists upon oflficial lists, 
but unless he is trained to the niceties of his vocation his 
conclusions are lame until the paleontologist supplies him 
with arguments. If the working paleontologists seeking or- 
ganization for mutual helpfulness and the progress of their 
interests wull hardly acquire these ends by consociation with 
the zoologists, they are at least more at ease among the geol- 
ogists; yet the growing importance of their themes, the 
singular nature of their subjects and their unique methods 
indicate that they will never get what they most need from 
organization nor establish their character as a peculiar people 
until they get by themselves. Perhaps the active body of 
American paleontologists will see the usefulness and practi- 
cality of effecting such an organization and demonstrate that 
while they may be neither geological fish, nor zoological flesh 
they are, nevertheless, good red herring. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Ueher die Beziehungen der fosHtlen Tabulaten zu den AJcyonarien. 
By F. W. Sardeson. (Neuee Jahrbuch fur Mia., Geol. und Pal. Beil. 
Bd. X, pp. 249-362; Stuttgart, 1896.) 

By those who are interested in Palaeozoic corals any serious attempt 
to advance or increase our knowledge of that large and difficult group 
must be greeted with pleasure. However, a recent and somewhat ex- 
tended treatise on **The Relation of the Fossil Tabulates to the Alcyo- 
naria" seems to be a step in the wrong direction. I refer to the paper 
cited above, which was prepared as a thesis for the doctorial degree in 
the Albert Ludwig University of Freiberg. 

The author, with questionable result, has brought forward and elab- 
orated certain propositions of Mosely (Phil. Trans. Roy. Soc, vol. 166, 
pt. 1, p. 91, 1876; Challenger Rep. Zoology, vol. ii, p. 102 et seq., 1881) 
relative to the relationship of Palaeozoic and recent corals. It was on 
occasion of his discovery that Helioix)ra belonged to the Alcyonaria, 
and in view of the long recognized relationship between that genus and 
the fossil Heliolites, that Moeely opened this question. 
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A discussion of the method employed and the scientific results ob- 
tained in this paper is the best general criticism that can be made. 
The Auloporidffi and the Syringoporidae (including Syringopora and 
Romingeria) are considered as the fossil ancestors of Tubipora and 
its allies; Trachypora, Striatopora, Pachypora, Alveolites and Clado- 
pora are ranked with the Gorgonias; Thecia, Michelinia, Favosites, 
Heliolites, Halysltes, etc., are placed under the Alcyonacea, and Fistuli- 
pora, Monticulipora, Cheetetes and their allies are regarded as repre- 
senting the Pennatulacea (!). This last, seemingly, for the curious 
reason that having divided the Alcyonaria into the Tubiporacea, Gor- 
goniacea, Alcyonacea and the Pennatulacea, and the fossil tabulates 
into four similar groups, having accounted respectively for the first 
three divisions of each group, there remained the Pennatulacea on one 
hand and the monticuliporoids on the other to be associated, simply 
because they were residues. It will be noticed that Syringopora, Aulo- 
pora, Michelinia and Favosites, which are usually considered to be 
closely related, are here placed each in a different family, while Syrin- 
gopora and Aulopora on one hand, with Michelinia and Favosites on 
the other, are even referred to different orders. 

The method employed by Mr. Sardeson is by linking genus and genus 
in a prolonged series. But in so doing each genus is not taken as a 
whole, as a concept of all the component species. A single species, 
often, it may be said, the type species, is discussed in more or less 
detail and its characters taken as representing the genus. The dangers 
of such^a proceeding are apparent. By this method generic and specific 
characters are not differentiated and phylogeny is liable to be based 
upon points which have no constant systematic value. Furthermore, 
another weakness in this system, the same characters or group of char- 
acters are not used consecutively for classificatory purposes, but in any 
portion of the series, a, 6, c, the common features which linked a to t 
may be entirely lacking in c, while c may be ordered with b on the 
strength of characters which are similarly lacking in a. 

But the most serious arraignment I have to make of the general 
method employed is that in a paper of over one hundred pages, a paper 
which is systematic in its purpose if it is anything, the preeminent 
value of embryologic phases as phylogenetic factors is entirely over- 
looked or slighted. Indeed, the statement is so generally true that it may 
be made without modification, that nowhere has the writer used either 
embryologic stages or the succession of organic types in geologic time, 
as a proof or as a check upon his work. Not only not performing inves- 
tigations himself, but not even taking advantage of investigations 
already made, whether in the field of zoology or pals&ontology, he pur- 
sues a theoretic course independent of facts of supreme importance 
ready to his hand. The following are criticisms on a few points devel- 
oped in Mr. Sardeson's paper: 

The distlDctiTe ^^bftrflfft^r of the Alcyonaria seems to consist in the 
fact (1) that the idieletal tteue, when calcareous, is not solid, but com- 
posed of iMH>ni ntn llpiiTlililL Iflltrll. however, are sometimes cemented b 
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subsequent calcareous deposition, into a more or less solid mass; (2) the 
symmetry is invariably by eights, there being eight fringed tentacles 
and eight mesenteries; (3) the polyjw do not normally form calcareous 
thecse and never, as in other corals, form septa developed between the 
mesenteries; (4) the colony is usually dimorphic. 

In the aberrant type Heliopora the skeleton is not made of small club- 
shaped spicules like the other Alcyonaria, but is composed of long 
spicular rods, parallel and in contact, forming a dense stony structure. 
The apparent septa are the result of the so-called coenenchymal gem- 
mation, are not formed between the mesenteries, of which they are 
wholly independent in number and position. They are, therefore, not 
septa but pseudosepta. 

In looking for these typical structures in the forms ranked by Mr. 
Sardeson with the Alcyonaria we find them peculiarly lacking. With 
scarcely an exception the skeletal tissue of these forms is not spicular 
but solid. This difficulty is met by Mr. Sardeson by invoking a great 
principle: **The reduction of an originally compact, calcareous skeleton 
to a spicular one or its transmutation to a horny one, or eventually to a 
disappearance of the skeleton altogether,'* which has been active among 
* 'the sponges, coelenterates and many mollusks." It seems, however, 
that this principle cannot be looked on as of universal application, nor 
even as a matter of common occurrence, except perhaps in diverted and 
isolated types. Therefore, until the relationship between the tabulates 
and the Alcyonaria be proved more satisfactorily than Mr. Sardeson 
has succeeded in doing, we cannot accept this law as applying to this 
particular case. 

That the fossil tabulates nearly always develop septa of some kind, 
is met by calling all the structures referred to, pseudosepta, as those 
of Heliopora. The distinctive character of pseudosepta, however, is 
that they are independent of the polyp in whose calyce they occur. 
They, therefore, are small and indefinite in number. They vary in ma- 
ture individuals of the same colony and in the same individual at dif- 
ferent points in its development. Now, in the fossil tabulates the septa 
are sometimes quite well developed and they are usually constant in 
number. They are probably not pseudosepta then, but true septa. 
Indeed, it is interesting to observe the strange recurrence of the cabal- 
istic number twelve in connection with the vertical septal rows; so 
much so, in fact, as to justify the belief long held, that in most of the 
fossil tabulates the symmetry of the polyps was by sixes instead of 
eights. 

As to dimorphism, except in monticuliporoids, which good authorities 
refer to the Bryozoa, it is conspicuously absent. 

To discuss a particular case, one to which Mr. Sardeson has given 
more personal study, perhaps, than to any other and which is the first 
one treated in his paper, the relationship of Heliopora to Heliolites. 
Heliopora seems to be more closely related to Heliolites, than are any 
other of the Palaeozoic corals discussed, to what the author regards as 
their living representatives. The similarity between these two genera 
has long been recognized, but is, I believe, generally overestimated. 
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As is well known, colonies of Heliopora are dimorphic, consisting of 
siphonopores and autopores, the former produced from one another by 
intermural gemmation, the buds springing from the canals by which 
they are united. The latter are produced by the fusion of a group of 
siphonopores through the peculiar process known as **coenenchymal 
gemmation." The autopores are tabulated at long distances and pro- 
vided with pseudosepta; the siphonopores are aseptate and more closely 
tabulate. The pseudosepta range in number in mature cells from 11-16, 
in the same cells at different stages of growth from 2-16. The skeletal 
substance is composed of radially disposed, parallel, prismatic rods, 
which are generally placed each at the junction of four siphonopores 
and are, therefore, essentially quadrilateral. They are firmly united 
along their opposed sides by dental sutures, and they are excavated 
along their angles by the siphonopores (Nicholson, Man. Pal. vol. 1, pp. 
332, 333). These spicules in cross section show a simple or compound 
central axis and a radial structure. They are of about the same diam- 
eter as the siphonopores, perhaps a little larger. 

In Heliolites also the colony is dimorphic. The autopores are provided 
with septa, the number of which is almost invariably twelve in each 
corallite. Usually they are lamellar and often '^extend to a considerable 
distance into the interior of the visceral chamber, sometimes meeting to 
form a reticulated columella {H. inlrica), tir even showing alternately 
large and small septa." (Nicholson, p. 337.) They are, therefore, true 
septa, and the symmetry of the polyp must have been hexameral, not 
octameral as in the Alcyonaria. The skeleton is not spicular and the 
walls are thin (in strong contrast to those of Heliopora in evei7 way), 
but those of the autopores are stronger than those between siphono- 
pores. The siphonopores reproduce usually by fission, seldom by inter- 
mural gemmation. The autopores, according to Sardeson, increase by 
coenenchymal gemmation, very much as in Heliopora, i. e. the several 
siphonopores become confluent, the incipient autopore gradually in- 
creases in size, at the same time assuming thicker bounding walls and 
developing the regular number and arrangement of the septa. On the 
other hand, Nicholson describes the process as fundamentally different. 
The future autopore is first outlined by a thickening of the bounding 
wall, the included siphonopores still retaining their own proper walls. 
Then they are "seen to be suddenly arrested in their growth and com- 
monly to be cut off by a common tabula, their place vertically being 
taken by a single autopore" (Nicholson, p. 337). Nicholson's reputation 
as an accurate observer requires that Mr. Sardeson 's observation should 
be verified. 

In fact it appears that Heliolites resembles Heliopora principally in 
but two points: in being dimorphic, and in having coenenchymal gem- 
mation. On the other hand, it differs from Heliopora entirely in the 
skeletal structure of the corallum, in being provided with true septa, in 
having hexameral instead of octameral symmetry. Dimorphism itself 
is a diagnostic feature of no great imiK>rtance : it is found in the fistuli- 
porids, in many Bryozoa (Palaeozoic), even in Facosites(i') canadensis. 
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The deveiopmeDt of siphonopores in the two genera is essentially dif- 
ferent, perhaps that of the autopores, though still passing under the 
name of coenenehymal gemmation. The latter is beyond doubt a singular 
and striking phenomenon (yet it occurs in the monticuliporids) and 
should perhaps serve as a preliminary index of more intimate relation. 
But when this indication is belied by a total absence of structural agree- 
ment, in face of a time break from the Devonian to the Cretaceous 
without any intermediate forms, are we justified in regarding ** coenen- 
ehymal gemmation " as a criterion of more than class relationship? 
Certainly Nicholson was corrected in placing Heliopora and Heliolites 
in different families. Perhajw he would have done better by removing 
the latter from the Alcyonaria altogether. 

Dimorphism and coenenehymal gemmation are usually regarded as 
indicating Alcyonarian character. Of the tabulates which Mr. Sardeson 
ranks with the Alcyonaria, the majority, perhaps, possess only one of 
these peculiarities, and many possess neither. To explain the absence 
of dimorphism Mr. Sardeson considers that in the perforate-tabulate 
group, the mural pores stand as the homologs of the siphonopores in 
Heliolites et. al. That they c^ould not be regarded as the homologs of 
autopores is evident since in that case we would have a colony without 
feeding or reproductive zoOids. He regards the monoroorphic form as 
probably the original type in these genera, but believes that this is not 
found in Favosites and its allies which he considers to have lost their 
dimorphism instead of not yet attained it. In other words Favosites is 
a Heliolites colony in which the siphonopores have gradually decreased 
in number until no trace of them is left except in the mural pores with 
which they are homologous. 

If this theory is correct we would expect to find this change indicated 
in some way in the embryologic condition of the corallura. Now it so 
happens that Favosites is one of the few genera with whose develop- 
ment we are somewhat familiar, and nothing of the sort is found to 
occur. Furthermore it is evident that we would have the autopores 
antedating and giving rise to the siphonopores (since Mr. Sardeson 
must admit that the connecting pores in the walls of Favosites are of 
the same nature as those which from time to time become the starting 
point for new cells), the reverse of what is found in Heliopora and 
Heliolites. and the 8iphono|x>res not producing other siphonopores 
whether by intermural gemraati(»u as in Heliopora, or by fission as in 
Heliolites. nor developing autopores by coenenehymal gemmation. We 
would in fact have to regard each siphonopore as developing directly 
into an autopore (when it did not subsist as simply a mural opening) all 
distinction between autopore and siphonopore being lost, and all the 
individuality of coenenehymal gemmation existing in its name alone. 

The paper closes with a theoretical discussion of the form of the 
corallum in colonies. Mr. Sardeson considers that the shape is con- 
ditioned by the direction from which the food supply is derived. If the 
food supply comes from above, vertically, the central individuals of the 
hemispherical mass grow fastest because better nourished, and the 
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corallum assumes a conical, and then an arborescent shape ; if from the 
side, the lateral individuals would secure most nourishment, and the 
corallum would take on an ezplanate shape, while if the food supply 
drifts in radially, in a convergent manner to the colony, its shape would 
be hemispherical. The latter condition is scarcely conceivable, yet Mr. 
Sardeson regards the hemispherical form as the original one for the 
coral stocks of tabulate corals. He appears to be treating these coral 
stocks as isolated individuals rather than as communities intimately 
connected by canals into a single organic body. Under the latter con- 
ception it would seem that the condition of vertically derived food sup- 
ply (the most probable one) would produce explanate colonies instead of 
arborescent ones, since the former would be most favorably situated for 
receiving all the food possible, while in the latter case the whole colony 
would gain sustenance from the efforts of a comparatively small number 
of polyps, and would eventually become extinct through the competitive 
agencies of natural selection. 

If Mr. Sardeson *s explanation is the correct one the coral stock should 
respond very sensitively to this element which conditions its growth, 
and as a result we would exx)ect to find all the coralla of one locality, 
that is, of all existing under practically the same conditions, with the 
same general form, and also changing together from one form system to 
another according as the conditions changed, since change they probably 
would. Indeed, this character upon which the author lays much stress 
in the course of his work as a valuable phylogenetic character, would 
sink almost out of any significance whatever. o. h. g. 

The University Geological Survey of Kansas, Vol. 1. By Erasmus 
Haworth and assistants. (Pp. 320, plates xxxi ; Lawrence, 1896.) In 
1895 the Kansas University, in accordance with an act of the legislature, 
organized a Greological Survey of the state. The first volume, treating 
of the stratigraphy of the Carboniferous formations, has appeared. 

The floor of the Kansas formations, as revealed by the drill, is a mass 
of Mississippian limestone and flint, outcropping over an area of 30 
square miles in the southeast corner of the state.* This floor dips to 
the west while the surface rocks dip to the east. The geologic structure 
on the whole is simple, though complex in detail. The present report 
considers only the Carboniferous formation, which consists of alter- 
nating beds of limestones and shales, the latter in places grading into 
sandstone. The limestone outcrops, in the process of weathering, are 
left as escarpments so that a person travelling from east to west passes 
from shelf to shelf. This peculiar feature is admirably illustrated in the 
accompanying map drawn in semi-perspective to show the different for- 
mations in their relative positions. 

Eight chapters are devoted to detailed descriptions of several geologic 
sections. The first one is a section from Galena to Wellington by Geo. 
I. Adams, and extends from the Missiseippian formation westward 150 
miles. The aggregate thickness of the Coal Measures and Permian 
along this line is 2,79G feet and the ratio of limestone to the total thick- 
ness is about 1 to r)^2' ^^ the following chapters other sections are 
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discussed by Professor Haworth, John Bennett, M. Z. Kirk, John G. 
Hall, and E. B. Knerr. Near Strong City occur the most pronounced 
anticlinals and synclinals in all the Coal Measure area, with an angle 
of 200 feet to the mile with the horizontal. 

Ha worth devotes chapter IX to a summary of the stratigraphy and 
correlation of the formations. Two general laws hold for the various 
formations. They dip and thicken to the west, and the limestones are 
the most regular and persistent of the various rocks. The total thick- 
ness of the rocks is 3,545 feet, 800 feet of lower Coal Measures, 1,950 feet 
of upper Coal Measures, 795 feet of Permian strata. The basal forma- 
tion is the Mississippian, rich in deposits of lead and zinc. Next comes 
the Cherokee shales covering a wide area as shown by well drillings 
and by comparison with similar formations in Iowa, Missouri, Arkansas, 
and Texas. Above comes the Oswego and Pawnee limestones followed 
by the Pleasanton shales, 250 feet thick, throwing out to the north. 
Above these shales is the Erie limestone rich in fossils with a maximum 
thickness of 100 feet and covered with 200 feet of Thayer shales. The 
other strata in order are lola limestone, Carlyle limestone, Lawrence 
shales, Oread lifhestone, Osage City shales, Wabaunser formation of 
Prosser, Cottonwood Falls limestone rfinging 5 to 10 feet thick and a 
very important building stone. 

On account of the frequency of calcareous material with marine fos- 
sils, and the great amount of salt water in the shales. Ha worth regards 
them as of submarine origin. The low anticlines and synclines with 
northwest trend are thought to be due mainly to inequalities in the old 
ocean floor. There are no faults of large extent noted and no evidence of 
metamorphism was seen. In the entire Coal Measure system the ratio 
of limestone to total thickness of the rocks is 1:5, and the largest amount 
is near the middle of the Coal Measures. The total thickness is not 
less than 2,600 feet; and the rocks cover on area of 20,000 square miles. 

The Kansas Coal Measures are divided into lower and upper on 
paleontological evidence. The division line is placed at the top of the 
Pleasanton shales where there is a marked change in life and also a 
sharp physical change from shales to limestone. The Cottonwood Falls 
limestone is taken as the base of the Permian as determined by Prosser. 

Chapter X discusses Physiography. The streams flow in broad val- 
leys reaching five miles in width and have nearly all reached base level, 
and are now filling in the lower part of their courses. There are very 
few broad rolling areas in the Carboniferous area of the state, for the 
uplands show sharp escarpments, due to the limestone outcrop. In the 
Permian areas these escarpments are absent. The next four chapters 
are devoted to preliminary papers on the coal fields, oil and gas, sur- 
face gravels, Coal Measure soils, with methods of fertilization. 

Twenty counties of the state produce coal of economic importance 
and four others contain considerable amount of coal. More than 88 
per cent, of the coal mined in the state in 1894 came from the Cherokee 
shale horizon, the thickest vein averaging 40 inches. From a study of 
the chemical and physical properties of the coals it is found that they 
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compare favorably with other coals of the Mississippi valley and Ohio. 
The higher the geological position of the coals in this state the poorer 
is the grade. The future of the Kansas coal industry is very promising, 
for the drill has revealed valuable deposits below the surface. An his- 
torical account of the development of oil and gas is given. The area of 
the present territory is 8,500 square miles, located in the southeastern, 
portion of the state. The source is in the Coal Measures and the most 
productive sands are in the Cherokee shales. The origin is thought to 
be vegetable and there seems to be little if any relation between location 
of anticlines with accumulation of oil and gas. These products are 
more uniformly disseminated in Kansas than in any other territory yet 
developed in America. 

The surface gravels of the Carboniferous series are flint, often fossil - 
iferous. They have a wide distribution and occur in beds of consider- 
able thickness. These gravels have in all probability originated from 
weathering of the limst^)nes, which contain chert in very considerable 
amount. They have not been transported any great distance and eo 
were not connected with glacial floods. 

The final chapter is by John Bennett, giving a preliminary catalogue 
of the invertebrate paleontology of Kansas Carboniferous, arranged 
with reference to biologic aspect and also according to counties. 263 
species are enumerated. The richest stratum is the oolitic of Wyan- 
dotte county with over 100 species. 

By the publication of reports of the high character of the present one 
Kansas joins the front rank occupied by the various state surveys of the 
Mississippi valley. This report may be obtained from the survey office 
at Lawrence by sending 22 cents for postage. o. p. g. 

Iceworky Present and Pant. By T. G. Bonney, Professor of Geology 
at University College, London. Pages xiv, 295, with numerous maps, 
sections, and illustrations from photographs. (New York, D. Appleton 
& Co., 1896. Vol. Lxxiv of the International Scientific Series.) The 
author began his observations of glaciers and study of drift formations 
forty years ago, and he now reviews the extent of present knowledge of 
the action of alpine glaciers and of the ice-sheets of Alaska, Greenland, 
and the Antarctic continent, with application of the principles there 
discovered to decide upon the claims of opposing theories in explanation 
of the origin of the European and North American Pleistocene glacial 
drift. Like the Canadian geologists. Sir William and Dr. George M. 
Dawson, this English geologist, and, as he assures us, many others in 
England and Ireland, fail to accept the conclusions of Prof. James 
Geikie and other Scottish glacialists, and of nearly all who have studied 
the glacial drift in the United States, that throughout all the drift- 
bearing areas of both continents vast sheets of laud ice and the fresh 
waters from its melting, without important aid from any marine sub- 
mergence and floating ice, sufficed to produce all the varied drift de- 
posits. In the British Isles, as in the valley of the St. Lawrence, the 
local aspects of the drift, and in tho latter district the well recognizi'd 
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Champlain depression of the land and incursion of the sea. from which 
the country has been since uplifted to a maximum hight exceeding 500 
feet, make it difficult to accept the theory which attributes all the drift 
to land ice. The arguments on both sides are well stated by Prof. Bon- 
ney, who evidently inclines toward a compound explanation, nearly like 
that of Sir William Dawson. The deposits of stratified or modified drift, 
enclosing marine shells, mostly fragmentary, on Moel Tryfaen, and at 
Macclesfield, Gloppa, and other localities, extending in northern Wales 
and northwestern England up 1,100 to 1,400 feet above the sea level, 
and about 500 feet at Clava in Scotland (Am. Geologist, vol. xvii, pp. 
45-47, Jan., 1896), are regarded as strong evidence of a Late Glacial or 
Champlain marine submergence to these amounts. Similarly, the 
Parallel Roads of Glen Roy are thought to be best explained as marine 
shore lines, although Jamieson, in the latest important paper on that 
subject, shows how they may be referred to successive stages of a glacial 
lake held by the waning Scottish ice-sheet,— a much better explanation 
than was formerly found in fluctuations of local valley glaciers. 

The title of this book well indicates its chief purpose, which is a com- 
parison of present and now observable ice action in eroding, transport- 
ing, and depositing drift, with the past agencies of striation of the 
bed-rocks, and accumulation of drumlins, other deposits of till or 
boulder-clay, marginal moraines, kames, eskers, and all the forms of the 
glacial and modified drift, together with discussion of its previous sub- 
glacial and englacial transportation. A large share of attention is 
given to the drift formations of North America, and these are illustrated 
by maps and views. The causes of the Ice age are discussed, but with- 
out expressing confidence in any of the current theories ; nor is a de- 
cision rendered on the vexe<] question whether there were successive 
and independent epochs of glaciation during the Pleistocene period. 
From all the earlier geologic record Prof. Bonney finds evidence of only 
one other time of widely extended glaciation, this being late in the 
Carboniferous or early in the Permian period. The IMeistocene glaci- 
ation he would refer to a m(x]erate refrigeration of the drift-bearing 
areas, not necessarily exceeding 12^ to 20^, and perhaps even no more 
than 8® or 6^ in New Zealand. 

In general, for North America and Europe, the best explanation of 
the glacial conditions is apparently thought by Prof. Bonney to be the 
accumulation of large ice-sheets on much elevated central areas whence 
they are supposed to have flowed outward to terminate on lowlands. 
The present reviewer, however, would suggest that the preglacial eleva- 
tion inducing the snowfall and ice accumulation probably included, in 
variable but everywhere large amount of epeirogenic uplift, all the 
drift-bearing regions of both continents, the elevation of their peripheral 
portions being measured approximately by the depth of fjords and the 
continuation of river valleys, as of the Hudson river southeast of New 
York city, which descends 2,800 feet beneath the sea level. 

Another volume, to cover similar ground as this, is earnestly hoped 
for by working glacialists, in which Prof. Chamberlin may bring to- 
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gether, in coDvenient form for study and reference, his very extensive 
observations of the glaciers and ice-sheet of Greenland, and his conclu- 
sions on their significance for explanation of the methods of origin of 
the Pleistocene drift. w. u. 

Geological Survey of Canada, Report on the Surface Geology of 
eantern New Brunswick, northwestern Nova Scotia, and a portion of 
Prince Edward Island, By Robert Chalmers. Pages 149, with five 
maps and four plates from photographs [the tidal bore on the Petitco- 
diac river, N. B., and three views of glacial 'striae, two of which are 
ascribed to floating ice]: forming part M of the Annual Report, vol. vji, 
new series ; Ottawa, 1895. Price, 25 cents. The field work on the areas 
here mapped and described in detail was done in the four years 1890 to 
1893 ; but during many previous years the author has been engaged in 
similar studies of nearly the entire province of New Brunswick, with 
parts of the adjacent provinces. In 1885 and 1886 he first published the 
theory of the glaciation of the eastern part of Canada, south of the St. 
Lawrence river, which is now found by this further field work to afford 
the best explanation of all the facts observed. At the period of maxi- 
mum extension of the North American ice-sheet there was a general 
radial movement of the icefields enveloping New Brunswick, northward 
and eastward into the St. Lawrence estuary and gulf, and southeast- 
ward into the Bay of Fundy and the Atlantic ocean. The easterly flow- 
ing ice reached across Northumberland strait and over Prince Edward 
Island : but the Magdalen islands, in the south central part of the Gulf 
of St. Lawrence, were not glaciated, as was ascertained by Richardson 
nearly twenty years ago, his observations being now fully confirmed. 

The ice covering Nova Scotia is thought by Chalmers to have been 
entirely accumulated by its own snowfall, with no inflow across the 
Chignecto isthmus ; and similarly the ice-sheet enveloping Newfound- 
land was doubtless chiefly, if not wholly, produced by the local snowfall. 
Between these ice-sheets of Nova Scotia and Newfoundland, connected 
respectively with New Brunswick and Labrador by continuous icefields, 
but receiving from them probably little or no glacial flow or drift, lay 
an almost enclosed, lower, and warmer driftless area, including the 
Magdalen iplands. The extent of this uoglaciated district, although 
now a part of the Gulf of St. Lawrence so that its boundaries cannot be 
determined, may well have equaled or exceeded that of the Wisconsin 
driftless area, with which it seems to be nearly analogous in its topo- 
graphic and climatic causep. It remains in doubt whether the Magda- 
len driftless area was ever entirely enclosed by confluence of the ice- 
sheets which bounded its southern and eastern sides. Since its 
boundaries and outlet are covered by the sea, it is far less instructive 
than the driftless area of southwestern Wisconsin and adjoining parts 
of Minnesota, Iowa, and Illinois, which is separated from the unglaci- 
ate<l country on thf» south by a wide tract of the glacial drift. 

Principally local ice accumulation on the southeastern provinces of 
Canada, and its radiating' eastward outflow, well demonstrated by 
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Chalmers, seem yet to be wholly consistent with Hitchcock's observa- 
tions of southeastward glaciation and drift transportation across Maine 
and the White mountains, doubtless part of a continuous southeast 
outflow from the Laurentide highlands, belonging to the time of maxi- 
mum glaciation and indeed probably to the greater part of the Ice age. 
Furthermore, Chalmers' conclusions for New Brunswick and Nova 
Seotia are likewise consistent with the reviewer's opinion that a great 
glacial lake (named the lake St. Lawrence) was formed during the clos- 
ing stage of the Glacial period by the northeastward recession of the 
ice-sheet, extending in the St. Lawrence basin from Ottawa to Quebec 
or beyond, previous to the invasion of that area by the sea when the 
ice barrier was at last melted through. 

During the culmination of the Glacial period, the highest part of the 
ice-sheet, above the St. Lawrence basin, was probably on the north side 
of the Adirondack mountains; but when the final melting was far 
advanced, the summit of the ice on the belt whence it outflowed both 
westward and eastward in the St. Lawrence valley appears to have 
migrated until its latest blockade was near Quebec, which is more than 
100 miles west of New Brunswick, being on the same meridian as the 
boundary between Maine and New Hampshire. A large tract of the 
ice-sheet on northern New England and part of New Brunswick prob- 
ably remained unmelted until after the ice had vanished along all this 
valley, so that subsequent glacial outflow from the Green and White 
mountains doubtless radiated for a short time in all directions, the ice 
motion being reversed on the north from its early and chief southerly 
course during the main part of the Glacial period. The southwestward 
striation and transjxirtation of drift in the St. Lawrence valley west- 
ward from Quebec belonged thus to a much later time than the south- 
eastward movement over the mountains of New England ; but both 
preceded the scanty northward dispersal of boulders in the country 
south of the St. Lawrence river, w. u. 

Las Rocas Eruptives de Surveate de la Cuenca tie Mexico. By 
EzEQUiEL Ordonez. (Bulletin of the Greological Institute of Mexico, 
no. 2, 46 pp., 1895.) This work is composed of two parts, in the first 
of which the author reviews in a general way the more salient geo- 
graphical features of the valley of Mexico and gives a brief description 
of its geology, showing the genetic relations of the eruptive rocks. The 
distribution of each different class of rocks is touched upon, all of them 
belonging to the modern volcanic series ; the first which have made 
their appearance are the trachites, followed by the andesites, labrador- 
ites, and last of all the basalts. The author also gives a succinct 
account of the basaltic volcanoes in the south region of the valley, 
which volcanoes have in past time sent forth large quantities of lava and 
cinders. One of these volcanoes, called Xitli, has produced a bed of 
lava about 12 kilometers in length and six in breadth ; judging from 
the human remains and articles of industry found therein, the eruption 
must have taken place quite recently, although modern history makes 
no mention of it. 
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Further on the author treats of the very iDteresting chain of volcanoes 
running nearly due east and west. These volcanic craters lie about 20 
kilometres distant from the city of Mexico, on the southeast side. The 
highest of these volcanoes is the Sta. Catarina, with an altitude of 600 
meters above the plain, having a crater 110 meters deep. The mountain 
of Santiago, as is phown by its dome-shaped form surrounded by a par- 
tially destroyed crater, has evidently sent forth a current of viscous 
lava, which has broken up and destroyed the crater, thus forming a 
mamelon. In this chain of volcanoes are several intersecting craters, 
which show that the centre of eruption has moved slowly in an easterly 
direction, the intensity of these eruptions varying in degree. 

In the latter part of the book the author gives a description of the 
physiography of the mountain of Las Cruces, which lies on the west 
side of the valley of Mexico, and separates it from the valley of Toluca. 
This mountain is formed of extensive hills at its base and is crowned by 
high mountains scarped gently at the top. 

A description is given of the very extensive formation of the pumice 
tufa which represents the first products of that Tertiary volcano. The 
pumice tufa is extensively used in the building of houses and other 
structures. 

The work concludes with n petrographical description of the lava 
beds of the volcanoes of Sta. Catarina, considering them as augite-ande- 
site with hipersthene very similar to those of the volcano Popocatepetl. 
Rocks from Sierra de las Cruces are trachites and trachi-andesites with 
pyroxene and hornblende. 

In Mexico the trachite is called Chiinca, and is considered the best 
material for construction. 

Pn)fessor Ordonez hopes in subeequent articles to continue the petro- 
graphical description of all the rocks in the valley of Mexico and to 
describe in general the geology of this interesting region of Mexico. 

On Certain GranophyreH, Modified by the I nvoriH)ration of Oabbro- 
Fragmenta, in Strath iSkye). By Alfred Harker. (Quart. Jour. 
Geol. Soc, no. 200, vol. 52, pt. 2, pp. 320.3,30, pis. 13 and 14, May 1, 1896.) 
In mapping, for the Geological Survey of Great Britain, the district of 
Strath in the Isle of Skye, Mr. Harker has studied some granophyres 
which contain numerous inclusions of gabbro, and sometimes of basalt. 
At times the granophyre has taken up foreign material amounting to 
one-fourth of its bulk. The gabbro fragments are thought to have 
come from a deep source, and they have in part been dissolved in the 
acid magma. For this reason the granophyre is of a higher specific 
gravit>' and c(mtains more of the ferro-magnesian minerals and more 
lime-soda feldspar than do the surrounding and similar granophyres. 
Fragments of augite. which has the peculiar basal striation of the 
augite of the gabbro, are (juite common, and some slides show both 
foreign augite and augite native to the granophyre. One section is 
figured which contains a large plate of foreign augite showing distinct 
ophitic relations to feldspar crystals. 
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This incorporation and absorption of basic .material by an acid magma 
is not common and is of special interest. The present instance proves 
conclusively that such a phenomenon does occur. The importance of 
this phenomenon was mentioned by the author and was further brought 
out in the discussion which followed the reading of the paper, u. a. o. 

The Rvhies of Burma and Associated Minerals. By J. W. Juob. In 
the Philosophical Transactions Prof. Judd, with C. B. Brown, Esq., 
gives a detailed account of some minerals collected by the latter when 
carrying out, under orders from the Secretary of State for India, an in- 
vestigation into the long known ruby mines of Burma. Details are 
given, with maps, of the physical geography and geology of the region 
and the rude processes employed by the natives in mining the gems. 
They are for the most part washed out of alluvial material filling hollow 
basins and clefts in a limestone rock, but their original situation, as 
proved by Mr. Brown, is in the rock itself. This is a hard, crystalline 
limestone interbedded with gneiss, and by breaking some of it to frag- 
ments Mr. Brown obtained in ten days 14 rubies from one and a half 
cubic feet. These were of course injured much by the jarring necessary 
to break up the stone, but they showed that by better methods the 
gems could be obtained in larger quantity. 

Prof. Judd says: **The limestone which the rock in Burma most 
closely resembles is undoubtedly that of Orange Co., N. York and Sus- 
sex Co., N. Jersey, which is associated with the remarkable deposits of 
zinc ore at Franklin Furnace." "'The general conclusion to which we 
have been led concerning the origin of the rubies of Burma is as fol- 
lows: Pyroxene gneisses abound with an unstable basic feldspar, which 
is easily converted by minute quantities of hydrochloric acid under 
pressure into a scapolite,,this in turn breaking up into various hydra- 
ted aluminum silicates and calcite." While the limestones are being 
formed from basic feldspars the aluminum silicates, taking up water, 
may be attacked by sulphuric, hydrochloric, boric or hydrofluoric acid 
at moderate temperature and decomposed, the aluminum oxide, in some 
cases anhydrous, being formed, which may assume the crystalline form. 
The presence of carbonic acid in the liquid state in some of the cavities 
indicates formation under great pressure. e. w. c. 

Sobre la edad de Algunas foiinaciones Carboniferas de la Repuhlica 

Argentina. By Guil. Bodenbender. (Revista del Museo de la Plata, 

vol. vii, 1-20, 1895.) Accompanying an exposition of the Carboniferous 

formation in the Argentine is an important tabulation of the Paleozoic 

series of that country with its fossils. Above unfossiliferous beds of the 

Sierra de los Llanos and the Sierra de Cordoba, referred to the lower 

Cambrian are sandstones of the Olenus zone in the provinces of Jujuy 

and Salta, containing Agnostits, Olenus, Ariouellus, Orthis, Lingular 

and Oholus, To the Trenton horizon are referred the limestones and 

dolomites of the Antecordilleras of San Juan and the Sierra de Farna- 

tina, with Moiiticulipora, Litnitesj M urchisoniay Maclureay Orthis calli- 

gramma, Orthisina adscendens, Ij^ptaena sericea, etc. The Silurian 
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sandstones of San J uan have produced no fossils. The horizon of the 
Upper Helderberg and Hamilton groups in the same region is indicated 
by the ubiquitous Leptocoelia fldbellites and species of the genera 
Rhynchonella. Meristellaj Spirifer, Strophomena, Chonetes, etc. (These 
fossils have not as yet been studied with precision so that their exact 
value is still undetermined.) Upper Devonian sandstones with plant 
remains overlie these. The Carboniferous sandstones and conglomer- 
ates with productive coal beds and numerous plant remains occur in 
the same districts. Overlying are beds, also coal-bearing, with Wal- 
chia, NaeggerathiopsiSj and other plants representing the Permian. 

J. M. C-. 

A Mineralogicol Learicon of Franklin, Hampshire, and Hampden^ 
countien, Masnaehu setts. By B. K. Emerson. (Bull. No. 126, U. S. 
Geol. Sur., pp. 180, pi. 1, 1895.) Nothing quite so elaborate and com- 
prehensive has heretofore appeared in the United States in the form of 
a mineralogical catalogue pertaining to a relatively small area. The region 
is a historic collecting ground : Profs. Amos Eaton, Chester Dewey and 
Ebenezer Emmons early entered it. The more precise investigations 
of president Hitchcock have given it geological importance, while Prof» 
C. U. Shepard's keen-eyed search for its minerals during more than a 
half -century has made its localities known to all mineralogists. Prof. 
Emerson states that his catalogue was intended to accompany his geo- 
logical monograph of the same district, but is allowed to appear in 
separate form on account of its large size. The general plan of the 
catalogue is an alphabetical arrangement of recognized and well estab- 
lished mineral species, under each caption being references to all names 
under which the species has been cited from localities within the dis- 
trict. Mineralogists will appreciate the complete literature of these 
species not less than the determination of the exact values of many 
mineral names applied, especially by Shepard, to forms from this 
region. j. m. c. 

Traces of^the Ordovician Systein on the Atlantic Coast. By G. F. 
Matthew, D. S. (Transactions of the Royal Society of Canada.) In 
this tract Mr. Matthew, after mentioning a belt of Ordovician rocks ex- 
tending from the bay of Chaleur across New Brunswick into the state 
of Maine, south of the belt of Silurian rocks already known, and an- 
other near St. John, gives an account of a third bolt of Ordovician strata 
lately identified by its fossils on the island of Cape Breton and in Con- 
ception bay, Newfoundland. The material is scanty and not very well 
preserved, but in Mr. Matthew's opinion clearly indicates the presence 
of this fauna farther to the eastward than it has hitherto been recog- 
nized in America. It consists of a few lingulids, a trimerellid, an obo- 
lid and an orchid, a Hyolithes and a trilobite. Good figures accompany 
the paper. e. w. c. 

.4 Summary of Progress in Mineralogy in 1'SU.'>. By Wm. H. Hobbs. 
(From monthly notes in the American Naturalist. Madison, Wis., 1896. 
Price 50 cents.) Dr. Hobbs has had reprinted and collected in conven- 
jjHt form his useful notes on mineralogy from the American Naturalist 
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in 1895. An index of subjects and also one of authors accompanies the 
pamphlet. In addition to notices of newly described minerals and im- 
portant contributions to mineralogy, descriptions of new and improved 
instruments are also given. u. s. o. 

Fosnl Fihhes of the Moray Firth Area. By Prof. R. H. Traquair. 
In the above tract, which is reprinted from a larger work, on the Ver- 
tebrata of the Moray basin, by Messrs. Harvie, Brown & Buckley, 
Prof. Traquair has summed up to date our knowledge of the fossil fishep, 
chiefly Devonian, of Scotland and the reptilian fauna of the Elgin sand- 
stones, with a few Mammalia of quite recent age. 

The oldest fish remains were found in the Orcadian lower old Red 

beds of Cromarty, etc., and occur in limestone nodules. The following 

list of species is given by the author: 

Elasmobranchii. 
Aoaiithodei, 

Diplacanthus striatus Ag. Mesacanthus pusillus Ag. 

** teuistriatus Trg. Cheiracanthus murchisoni Ag. 

Rhadinacanthus longispinus Ag. *' latus Eg. 

OSTRACODERMI. 

Antiarch^, 

Pterichthys milleri Ag. Pterichthys oblongus Ag. 

** productus Ag. 

Dipnoi. 
Sirenoidei. 

Dipterus valenciennesi 8. & M. 

Teleostomi. 
Crossopterygii, 

Glyptolepis leptopterus Ag. Osteolepis macrolepidota. 

Gyroptychius microlepidotus Ag. Diplopteris agassizi Traill. 

Placodenmita, 

Coccosteus decipiens Ag. Homosteus milleri Trq. 

Acipensert)idei, 

Cheirolepis trail li Ag. 

*' Nearly all these fishes reappear in the flags of Caithneps and Ork- 
ney." 

The three areas therefore *'form one great paleontological series — the 
Orcadian.'' Sir A. Geikie has advanced the opinion that they were de- 
posited in a large lake of Lower Devonian age occupying the middle of 
Scotland. 

**0f this assemblage of species not one occurs in the Lower Old Red 
Sandstone of Forfarshire or of any part of Great Britain south of the 
Grampians.'' 

The indications are therefore of two distinct hydrographical areas for 
these two faunas. 

Unconformably on these Lower Devonian strata lie the Upper Old 
Red beds of Elgin or Nairn. The stratigraphical relations of these two 
areas have not yet been satisfactorily ascertained, but their faunal dis- 
tinctness was proven some years ago by Dr. Traquair. 

The fauna of the Nairn sandstones is small, consisting of four species 
only: 



52 The A III erica it Geoloffiitf, July, 1896 



OSTRACODERMI. 

Anffareha. 



Asterolepis maxima Ag. 



Teleostomi. 

Cmssopterygii. 

Holoptychius decoratus Eich. • Polyplocodus leptognathus, sp.n. 

Phicod^riiiaia. 
Coccosteus magnus, sp. n. 

This fauna, says Prof. Traquair, resembles that of the Russian De- 
vonian beds in Livonia. 
The Upper Old Red beds of Elgin have yielded the following species: 

Elasmobranchii. 

Selachii. 

Psammosteus taylori Trq. Cosmacanthus malcolmsoni Ag. 

OSTRACODERMI^ 

Anfiarcha. 
Bothriolepis major Ag. Phyllolej^is concentrica Ag. 

" cristata, sp. n. Conchod us ostreiformis McCoy. 

Teleostomi. 
Crossopterygii. 
Holoptychius nobilissimus Ag. Polyplocodus sp ? 

*' giganteus Ag. Glyptopomus minor Ag. 

Dr. Traquair very justly remarks that the above fauna shows mani- 
fest indication of being later than that from Nairn. 

The overlying sandstones, which many years ago yielded the well 
known Telerj)eton elgineuHe, which was then and therefore supposed to 
be of Devonian age, are now assigned to the Trias in spite of their con- 
formity and the absence of clear evidence of a time-gap between them. 
These beds have now yielded thirteen traces of Reptilia, but no Bra- 
trachians. Besides the Teler]>etoii alluded to above, the most remarkable 
of these is the extraordinary Elginia mirabilh. "Nothing of this crea- 
ture is known as yet but the skull, and a most bizarre-looking skull it 
is, reminding us, as Mr. Newton observes, of the head of the American 
*horned' toad on a large scale." The paper is illustrated with nine ex- 
cellent plates of the fossils described. e. w. c. 



RECENT PUBLICATIONS. 



/. Govennnent and State Reports. 

Geol. Sur. of Penna., Summary Final Rept., vol. 3, i)t. 1, pp. 1628- 
2152, pis. 205.395, 1895. The Carboniferous formation, J. P. Lesley, E. 
V. d'lnviliiers and A. D. W. Smith. 

Ibid., vol. 3, pt. 2, pp. 2153 2(Vi8, pis. 396-011, 1895. The Bituminous 
coal fields, E. V. d'lnvilliers; Report on the New Red of Bucks and 
Montgomery countieH, B. S. Lyman. 

Ibid., General index, W. A. Inj^hain. 98 and xx.x pp., 1895. 

Ibid., Atlas to F3. 



Recent i^uhlieatums. 53 

Bull. Illinois State Mus., Nat. Hist., No. 9, 66 pp., 5 pis., Apr. 20, 
1896. New species of crinoids from Illinois and other states, S. A. Mil- 
ler and W. F. E. Gurley. 

Calif. State Mining Bureau, Bull. 8, April 1896. Table showing by 
counties the mineral productions of California for the year 1895, C. G. 
Yale. 

U. S. Nat. Museum, vol. 18, pp. 281-292, 1895, (No. 1066). Notes on 
asbestos and asbestiform minerals, G. P. Merrill. 

Iowa Geol. Survey, vol. 5, Ann. Rept. for 1895, 452 pp., 14 pis.. 7 
maps, 1896. Greology of Jones county, Samuel Calvin; Geology of 
Washington county, H. F. Bain; Geology of Boone county, S. W. 
Beyer; Geology of Woodbury county, H. F. Bain; Greology of Warren 
county, J. L. Tilton; Geology of Appanoosa county, H. F. Bain. 

Dept. of Geol. and Nat. Resources of Indiana, 20th Ann. Rept. (1895), 
pp. vi4-520, 16 pis., 4 maps, 1896. A preliminary report on the clays 
and clay industries of the coal-bearing counties of Indiana, W. S. 
Blatchley; The Carboniferous sandstones of western Indiana, T. C. 
Hopkins; The whetstone and grindstone rocks of Indiana, £. M. Kindle. 

//. Proceedings of Scientific Societies, 

Bull. Geol. Soc. Amer., vol. 7, pp. 399-422, pi. 18, Mch. 28,1896. Cus- 
pate forelands, F. P. Gulliver. 

Same. pp. 423-458, pis. 10-21, Apr. 14, 1896. Glacial Genesee lakes, 
H. L. Fairchild. 

Same, pp. 459-558, pis. 22-24, Apr. 21, 1896. Proceedings of the eighth 
annual meeting, H. L. Fairchild; Memoir of J. D. Dana, Joseph Le 
Conte: Memoir of H. B. Nason, T. C. Chamberlin; Memoir of Albert 
£. Foote, G. F. Kunz; Memoir of Antonio del Castillo, Ezequiel Or- 
dofiez; Illustrations of the dynamic metamorphism of anorthosytes and 
related rocks in the Adirondacks, J. F. Kemp; The share of volcanic 
dust and pumice in marine deposits, N. S. Shaler: A needed term in 
petrography, L. V. Pirsson: Examples of stream -robbing in the Cats- 
kill mountains, N. H. Darton; Notes on glaciers, H. F. Reid: Paleozoic 
terranes in the Connecticut valley, C. H. Hitchcock; Notes on relations 
of lower members of the Coastal Plain series in South Carolina, N. H. 
Darton; Some stages of Appalachian erosion, Arthur Keith; The Cer- 
rillos coal field of New Mexico, J. J. Stevenson. 

Journ. Cincinnati Soc. Nat. Hist., vol. 18, Nos. 3-4, 1896. Manual of 
the paleontology of the Cincinnati group, part VII, J. F. James; An 
account of the middle Silurian rocks of Ohio and Indiana, A. F. Foerste. 

Proc. Acad. Nat. Sci. Phila., 1895, pt. 1. Pleurotomaria crotaloides 
Morton, in the New Jersey Cretaceous, H. A. Pilsbry; Two supposed 
new trap dykes in Chester Co., Pa., Persifor Frazer; The crystallization 
of molybdenite, A. P. Brown. 

///. PapevH in Scientific Journah, 

Jour, of Geol., Ajjr.-May. The magmatic alteration of hornblende 
and biotite, H. S. Washington: On the origin of the Chouteau fauna, 
H. S. Williams: North American graptolites, R. R. Gurley: Deforma- 
tion of rocks, C. R. Van Hise. 



64 The American GeolomsL July, 1806 

Ottawa Nat., May. Note on CardiDia subang^ulata Dawson, and Area 
punctifer Dawson, H. M. Ami. 

Science, May 15. Current notes on physiography, W. M. Davis; 
The perogatives of a state geologist, Erasmus Haworth. 

Science, May 22. The development of exogenous structure in the 
Paleozoic lycopods — a summary of the researches of Williamson and 
Renault, David White; The embankments of the river Po, F. D. Ad- 
ams: The mammoth bed at Morea, Pa., £. H. Williams, Jr. 

Science, May 29. The ape-man from the Tertiary of Java, O. C. 
Marsh; Two erosion epochs — another suggestion, W J McGee; Current 
notes on phypiography, W. M. Davis. 

School of Mines Quarterly, vol. 17, no. 3, Apr., 1896. Lecture Notes 
on rocks. J. P. Kemp. 

Am. Jour. Sci., June. The extinct Felidse of North America, G. I. 
Adams; The age of the igneous rocks of the Yellowstone National park, 
Arnold Hague: On the occurrence of pollucite, mangano-columbite and 
microlite at Rumford, Me., H. W. Foote; A device for simplifying the 
drawing of crystal forms, A. J. Moses; On the Pithecanthrophus erec- 
tus from the Tertiary of Java, O. C. Marsh. 

Appletons' Pop. Sci. Mon., June. How the Great lakes were built, 
J. W. Spencer; The subterranean river Midroi, Paul Raymond. 
IV. Excerpts and Individual Ptdtlicationa. 

Greological Notes, Long island and Nantucket, Arthur HoUick. Trans. * 
N. Y. Acad. Sci., pp. 3-10, Oct. 28, 1895. 

An account of the summer's work in geology on lake Champlain, Gil- 
bert van Ingen and T. G. White. Ibid., pp. 19-23, Oct. 28, 1895. 

The faunas of the upper Ordovician strata at Trenton Palls, Oneida 
Co., N. Y., T. G. White. Ibid., vol. 15, pp. 71-96, pis. 2-5, Apr. .3, 1896. 

Traces of the Ordovician system on the Atlantic coast, G. F. Mat- 
thew. Trans. Roy. Soc. Canada, ser. 2, vol. 1, sec. 4, pp. 253-271, pis. 
1-2, 1895. 

Organic remains of the Little River group, No. IV, G. P. Matthew. 
Ibid., pp. 273-279. 

Geology in the colleges and universities of the United States, T. C. 
Hopkins. U. S. Bureau of Education, Rept. Comm. of Educ, pp. 819- 
872, 1896. 

RejKDrt on an exploration of the Finlay and Omenica rivers, R. G. 
McConnell. Geol. Sur. Canada, Ann. Rept., vol. 7, pt. C, 40 pp.. 2 pis., 
1 map, 1896. 

Report on the country in the vicinity of Red lake and part of the 
basin of Berens river, Keevvatin, D. B. Dowling. Ibid., pt. F, 54 pp., 
1 map. 

Report of the section of chemistry and uiiueralojiry, G. C. Hoflfmann. 
Ibid., pt. R, 68 pp. 

On the occurrence of cirri pedes in the Cambrian rocks of North 
America, (i. F. Matthew. Trans. N. V. Acad. Sci., vol. 15, pp. 137-140, 
189(;. 



Correspondence. 55 

Die krystallisirten Mineralien aus dem '^Galena Limestone*' dee sUd- 
lichen Wisconsin und des nOrdlichen Illinois, W. H. Hobbs. ^itsch. 
i. Krystal., Bd. 25, pp. 257-275, pis. 3-5, 1895. 

A summary of progress in mineralogy in 1895, W. H. Hobbs. From 
monthly notes in the Am. Naturalist. 

Lecture notes on crystallography, H. B. Patton. 34 pp., published 
hy the author, Grolden, Colo., 1896. 

Sur un cristal de labrador du gabbro de Minnesota, N. H. Winchell. 
Bull. Soc. Francaise d. Miner., t. 10, pp. 90-92, 1896. 

F. Proceedings of Scientific Laboratoriesy etc. 

Bull. Lab. of Nat. Hist., State Univ. of Iowa, vol. 3, pt. 4, Feb.,1896. 
Notes on the Cretaceous flora of western Iowa, Paul Bartsch. The Le 
Olaire limestone, Samuel Calvin. 

Bull. Dept. of Geol. Univ. of Calif., vol. 1, no. 14, pp. 371-428, May, 
1896. The Great valley of California— A criticism of the theory of isos- 
tasy, F. L. Ransome. 



CORRESPONDENCE. 



James Hall and the New York State Survey. In response to your 
request I send herewith a copy of the engrossed resolutions passed by 
our Assembly and prompted by the publications of monstrous state- 
ments concerning Prof. Hall in the Journal des Debats and other Pa- 
risian and provincial papers in France and various newspapers through- 
out Germany and Austria. The Paris journal mentioned is the original 
oflfender. Whether it ever printed the official denial of the chancellor 
of our university, which I took pains to send, I have never learned. 
Some of the provincial papers did so. You are probably aware of the 
action taken by the Geological Society of France and the Soc. du Nord. 
The justification of Prof. Hall and his work was still further emphasized 
by our legislature in the passage of a law giving him life tenure of his 
position and entire independence in the management of his affairs. 

J. M. Clarke. 

STATE OF NEW YORK. 
IN ASSEMBLY. 

March 9th, 189(5. 
On motion of Mr. Fin n : 

Whereas, during the session of the Legislature of 1895 a joint com- 
mittee was appointed for the purpose of investigating the various de- 
partments of the state government, and through a sub-committee inves- 
tigated the department of geology and i)aleontology, which for upwards 
of half a century has been under the charge of Dr. James Hall; and. 

Whereas, during the time when said sub-committee was engaged in 
the taking of evidence certain criticisms as to the conduct of said de- 
partment were indulged in by certain newspapers, which criticisms 
have been copied by many foreign journals with astonishing exaggera- 
tions to the effect that the scientific world was startled bv the fact that 
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our distinguished citizen, Dr. James Hall, was incarcerated in prison 
as a result of this investigation; and. 

Whereas, said articles, by their wide circulation among American 
and foreign journals, do an irreparable injury and wrong to a distin- 
guished state officer, who. since his appointment to his present official 
position by Governor Marcy in the year 1837, has served his State con- 
tinuously and with distinguished credit and whose scientific attainments 
and accomplishments have given him a world-wide fame, therefore, be 
it 

Iiesolved,Th.Sit the Legislature of the State of New York desires to place 
upon its records this denial of the gross and false charges against the 
official integrity of Dr. James Hall, and to officially announce that they 
are unjust, untrue and not warranted by any evidence produced at said 
hearing, and to express its confidence in his integrity, and appreciation 
of his distinguished services and scholarly attainments, which, during 
a long life, have reflected such credit upon our State. 

Resolved, That a copy of these resolutions be transmitted by the Clerk 
of this House to Dr. James Hall. 

By order of the Assembly. 

[Signed,] Hamilton Fish, Speaker, 

A. E. Baxter, Clerk. 
State of New York. 

Seal. 

Clerk of Assembly. 

Notes on the Geology of Southwestern New Mexico.— Of the 
vast area comprised within the "Rocky mountain region of the west" 
no part is, perhaps, so little known, geologically, as is its southern por- 
tion, circumscribed within the area occupied by southwestern New 
Mexico. Although one or two hasty reconnoissances of portions of thift 
region have been made at different times (but which were, under the 
circumstances, necessarily brief and more or less imperfect) by divisions 
of the United States Geological Survey, yet little has been added to our 
knowledge of it. 

For nearly three years the writer conducted systematic researches 
and investigations in the geology and archeology of southwestern New 
Mexico, and when requisite extended these researches into old Mexico 
and Colorado. This area comprises a portion of the extreme southern 
part of the great "Plateau region" of the west, and it is safe to say that 
no other portion possesses features of greater geological interest. 

The general toiK)graphical features of the region are represented by 
several rugged and extensive mountain ranges, isolated groups and foU- 
tary peaks mainly of recent volcanic origin, which usually spring ab- 
ruptly out of the vast level plains: also wide stretches of sandy desert 
and narrow fertile valleys. The mountains of this region abound in 
vastly rich resources of mineral wealth. 

What strikes the g^^ologist most forcil)ly in this region is, perhaps, the 
(jrcdt vdvietij and recent ness of nearly all the eruptive rocks, as well as 
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thft large areas of conglomerate or "wash," especially along the Gila, 
Sapillo ^nd Mimbres rivers. This last formation, which varies consid- 
erably lithologically, often attains a thickness of over one thousand 
feet, and has a prevailing yellowish-buff color. In many places the 
basalt has forced its way through and overflowed this late formation; 
while at other localities large areas have been uplifted, tilted and bro- 
ken by eruptions of basalt. 

The next division of greatest interest, although of relatively small ex- 
tent, is the strata representing the Lower Carboniferous and Creta- 
ceous* ages, all of which are much tilted and broken up by eruptive 
agencies. The Cretaceous is mainly composed of rather coarse, brown- 
ish-bufif to gray (sometimes red, locally) sandstone and quartzites, in- 
terstratified with a few narrow bands made up almost exclusively of 
beautifully preserved fossil remains, mainly Gasteropoda and Lamelli- 
branchiata and alternate layers and heavy strata of greenish-black 
arenaceous shates, in places carrying an interesting flora. 

What is of peculiar interest is that almost everywhere, as yet observed, 
the Cretaceous strata rest immediately upon thegranite below, instead 
of being superimposed upon the older stratified rocks. Only in one or 
two local areas have I observed the Cretaceous to rest upon the Car- 
boniferous, and here, as might be expected, unconformably. 

The Carboniferous is composed of heavily bedded bluish-black lime- 
stone, often containing a great amount of chert and yellowish-buflf cal- 
careous, and black carbonaceous shales and quartzite. The strata 
above the quartzite (except the beach shale, which carries a unique but 
rather rich flora) contain extremely interesting and rich faunas. The 
fossils are often weathered out (from the calcareous shales) in great 
numbers and perfect condition. 

The fourth division, although first as to magnitude of area occupied, 
is the Drift formation, which is of much interest and constitutes the 
great desert plains of this region that stretch onward far into old 
Mexico. 

In the Drift at Deming two apparently entire and well preserved 
skeletons of mastrxlons have been exhumed in digging wells, one being 
discovered approximately twenty feet and the other forty feet below the 
surface. Only a portion of each skeleton was removed. 

A large amount of data in the form of notes, maps, sections, ores, 
minerals, fossils, etc., have been collected, as well as a large scale geo- 
logical map of the region constructed. t A detailed account of the re- 
sult of the field work, etc., accomplished will be published in the near 
future. Clement L. Webster. 

•I have hero provisionally conHidered all the st-rate above the CarboniferouH (not 
including? the coiifflomorate) as of CretactH>us a^o. and all below the Cret-aceous as 
Carboniferous. The question as to the exact age of the qiiartzite (usually considered 
as Silurian) occupy intf the lowest horizon in the stratined series here, will be dis- 
cussed in my future publications on the ^H)loKy of this region. 

fl would here acknowledf^e ray indebt<!»dness to Prof. J. H. Huntington (who has 
spent many years in southwestern New Mexico), assistant Koolo^ist on theStatoKeo- 
Kxcical survey of New Hampshire, for valuable assistance rendered in my fireoloffical 
labors in this region. 



58 The American Geologist. July, i«>6 



PERSONAL ANDSCIENTIFIC NEWS. 



Dr. G. p. Grimsley, of Washburn College, will spend the 
summer in geological work for the University Geological Sur- 
vey of Kansas. 

Mr. H. Foster Bain, assistant stat« geologist of Iowa, has 
been appointed to a fellowship in geology at the University 
of Chicago, where he expects to spend the next year in study. 

Prof. J. F. Kemp, of the Columbia School of Mines, started 
on May 28 with a class of students for Butte, Mont., where 
the regular summer school of mining and geology will this 
year be held. He will return via the Yellowstone park and 
the Black hills. 

T. C. Hopkins, assistant professor of geology. State Col- 
lege, Pa., will work on the Geological Survey of Indiana this 
summer on the investigation of the famous oolitic limestone 
of that stat^ in company with Mr. Siebenthal. His report on 
the sandstones of the state has just been published. 

Sir Archibald Geikie's Lectures (George Huntington 
Williams memorial lectureship) before the Johns Hopkins 
University, which were expected the coming fall, have been 
postponed until next spring. The lectures will be on the 
principles of geology, and will begin on Wednesdiy, April 
21, 1897. 

A GEOLOGICAL EXCURSION will be otfcred members of the Ge- 
ological Society of America and the American Association 
through the Adirondacks, the week before the meeting in Au- 
gust. Prof. J. F. Kemp will have the party in charge in the 
eastern mountains, Prof. C, H. Smyth, Jr., in the western. 
Both these geologists expect to continue their field work dur- 
ing the coming vacation. 

Dr. Persifor Frazer, one of our editors, appears in Vol. IV 
of the National Cyclopedia of American Biography with a 
portrait and a well written biographical sketch, giving quite 
a full account of his ancestry as well as an account of his 
work ill geology and his other writings. This cyclopedia 
(James T. White <t Co., N. Y.) is very comprehensive and is 
being made to answer as a national portrait gallery as weUas 
a biographical encyclopedia. 

Pkof. Ralph S.Tauk, of Cornell University, will accompany 
Lieut. Peary on his next Greenland expedition. He will take 
with him a party of five, and boj^ides the trip with several 
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stops he expects to spend five or six weeks in camp, probably 
at the south end of Melville bay. The party will consist of 
one paleontologist, a student of stratigraphic geology, a photo- 
grapher, a civil engineer, and one other. They intend not 
only to study the glacial movements, etc., but also the general 
geology. Arrangements will also be made to collect plants 
and animals. 

Alaskan Gold Fields. Mr. J. Edward Spurr has been sent 
to Alaska by' the U. S. Geological Survey to investigate the 
^old field, especially those of Forty Mile creek. He is accom- 
panied by Messrs. Goodrich and Schrader. The party will 
<5ros8 Chilkoot pass, at the head of Lynn canal, to the waters 
which flow into the Yukon and will descend by canoe to Forty 
Mile creek. They expect to spend a year and a half in Alaska, 
passing the winter in one of the mining camps, and next sum- 
mer they will descend the Yukon to its mouth and thence back 
to the United States. 

Bryn Mawr College. Dr. E. D. Cope lectured May 14th 
to the students of geology on the argument for organic evolu- 
tion derived from the paleontological record. The work of the 
year closes with two excursions: an excursion into New Jer- 
sey where the gravels of the Pensauken and Jamesburg, the 
Raritan clays and clay marls of the Cretaceous series, and 
the Fish House clays were examined and fossils collected. 
This excursion was in charge of Dr. \Vm. B. Clark. A second 
•excursion is to be taken to Neversink and Penn mountains. 
This trip will afford opportunities to study Pre-Cambrian, 
Cambrian, Silurian and Triassic formations. 
American Association for the Advancement of Science. 

The 49th meeting of the A. A. A. S. will be held in Buffalo. 
N. Y., Aug. 22d to 29th. The Geological Society meets Sat- 
urday evening, Aug. 22d, for business purposes, and the pa- 
pers will be presented before Section E of the A. A. A. S. the 
following week. During the week preceding the meeting the 
following excursions will be taken under the auspices of the 
Geological Society, but intended equally for the members and 
friends of the A. A. A. S. : 1. Stratigraphy and paleontology, 
<?onducted by Prof. C. S. Prosser. 2. Petrography, conducted 
by Profs. J. F. Kemp and C. H. Smyth, Jr. 3. Economic ge- 
ology, conducted by Dr. F. J. H. Merrill. 4. Pleistocene ge- 
^^^^SYi conducted by Messrs. G. K.Gilbert, Frank Leverettand 
H. L. Fairchild. Further information concerning these ex- 
•cursions can be obtained from Prof. H. L. Fairchild. Roches- 
ter, N. Y. 

Crater Lake Special Map. An edition of this map with 
topographic data has recently been issued by the U. S. Geo- 
logical Survey, acconipanied by a description written by Mr. 



60 The American Geologist. July, 1896 

J. S. Diller. This Oregon lake, occupying a roughly circular 
pit nearly six miles in average diameter, on the summit of the 
Cascade range about midway between mount Shasta and 
mount Hood, is of intense interest and beauty. The lake is 
6,239 feet above sea level and is reputed to be the deepest 
fresh water lake in America, having the remarkable depth of 
2,000 feet. It is surrounded by steep and precipitous clifFs, 
which rise in places over 2,000 feet above the lake, and are 
composed of sheets of lava and f ragmen tal volcdnic material 
dipping away from the lake. It is thought that the pit, in 
which the lake is situatM, was formed by the sinking of the 
main mass of a huge volcanic mountain which once rose 
several thousand feet above the place now occupied by the 
lake. 

Academy of Natural Sciences op Philadelphia. May 19, 
1896. Mr. Henry A. Pilsbry spoke of the geology of the de- 
posits containing fossil Unionida; at Fish Neouse, N. J. The 
mussels, some twelve species of Unio and Anodonta^ occur in 
a thick black clay stratum used for brick and' cile making. 
Below this is a stratum of red clay, gravel and " iron-stone" 
(bog iron) about two feet thick, which rests on a bed of sand 
of unknown depth. This sand shows the stratification and 
oblique lamination characteristic of arenaceous deposits in 
running water. The speaker considered that the hypothesis 
of our ancient " ox-bow" of the Delaware river explained the 
phenomena presented; the underlying sand having been de- 
posited in the bed of the river; the channel was then aban- 
doned for a new one, leaving a lagoon or *• slough" in which 
the layer of yellow^ material w'as deposited at subsequent 
times of freshet and after the up-stream end of the lagoon was 
entirely filled up, the black clay was formed in idle water, 
largely by the decay of organic matter, molluscan and other 
life flourishing in lagoons of this nature, Mr. Pilsbry held 
that the black clay and underlying sand were a deposit 
wholly different in genesis and earlier in time than the gravel 
which overlies the clay bed, this last gravel being referred by 
professor Salisbury to the Pensauken formation. Besides tiie 
mussels, fossil wood occurs in the black clay, as well as 
remains of the Pleistocene horse, Kijnvs major Leidy. The 
latter, as well as the Unionidje (some of which are recent 
species) prove the deposit to be of post-Pliocene age, instead 
of Cretaceous as claimed by Dr. Lea, Prof. Whitfield and 
some others. 

The character and age of the deposits were farther consid- 
ered by Prof. Heilprin and Mr. Woolraan. 

May 2(>, 1896. Mr. Kdw. Goldsmith reported that a speci- 
men of supposed gey^^erite from Hawaii had been found by 
him to be an ainor|)}ioiis, soluble sulphate of lime. The sub- 
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stance was formed on the edge of the Kilauea crater, associ- 
ated with sulphur. 

Prof. Edw. D. Cope exhibited the skull of a whale from the 
Miocene of the Yorktown epoch. It adds another species to 
the whale-bone whales and established their descent from the 
Zeuglodonts. The elongation of the parietal and frontal bones 
is characteristic. The form is allied to the genus Cetotheriuni 
and is described under the name Cephalotropis corona tus. 

Geological Society op Washington. 

At the 49th meeting held May 13, the following communi- 
cations were presented : 

The Faunnl RelntiouH of the Eocene and Upper Cretaceotis on the 
Pacific Coast, T. W. Stanton, U. S. G. S. The Chico-Tejon series has 
been described as a continuous series showing a gradual transition both 
faunally and stratigraphically from the Cretaceous into the Eocene, the 
close faunal connection being found especially in the *• Martinez group '* 
(an upper sub-division of the Chico) and in ** Intermediate beds.*' A 
study of the faunas and stratigraphy, especially in middle California, 
has proved that the intermediate beds and the upper part of the Mar- 
tinez group are identical and that they form a lower zone of the Tejon, 
or Eocene. When the line between the two formations is thus located 
their faunas are but little more closely related then the Upper Cretace- 
ous and Lower Eocene faunas of other parts of the world. With the 
exception of an ammonite, of which a few 8i>ecimen8 were reported from 
the Tejon in early collections, the few species that seem to be identical 
in the two formations are persistent types that have come down to the 
present day with little change. 

The structure and age of the Caacade Range, J. S. Diller, U. S. G. S. 
The. two sections of the Cascade range afforded by the Klamath and 
Columbia rivers expose volcanic rocks only, and indicate that the range 
where most typically develox)ed is composed essentially of lava from top 
to bottom. As far as yet known it has no core of older metamorphic 
rocks on which the line of volcanoes developed. 

The auriferous slate series occurs on the western slope of the Cascade 
range about the head of the Umpqua where it is impinged by the 
Klamath mountains. These older rocks belong to the Klamath moun- 
tains. They strike northeast towards the Blue mountains of eastern 
Oregon and make a large angle with the general trend of the Cascade 
range. 

At Ashland in southern Oregon, the relation of the Cascade range to 
the Klamath mountains is better exposed. They are separated by Rogue 
river valley which is cut chiefly in Cretaceous strata. Overlying these 
with apparent conformity and dipping gently to the eastward beneath 
the Cascade range are similar sedimentary rocks containing silicified 
wood, referred by Mr. Knowlton to a period certainly later than the 
Cretaceous. Above these and conformable with them on the western 
slope of the Cascade range are numerous sheets of lava and tuff. A tuff 
near the base of the series contains Miocene leaves. Although the vol- 
canic activity of the Cascade range may have been initiated in earlier 
times, the period of greatest eruption and the upbuilding of the range 
occurred during the Neocene. 

An early Date for Glaciation in the Sieii'a Nevada. Willard D. 
Johnson. The author described the occurrence of striated pebbles, of 
foreign material, in the extensive andesite-tuff flows, or volcanic mud 
flows of the Sierra, and gave reasons for regarding the striation of these 
included pebbles as probably glacial. He then called attention to a cer- 
tain anomalous topography of the summit region of the range, and 
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offered for it an interpretation which, together with the presence of the 
presumably glacial pebbles in the deeply canyoned lavas, appeared to 
warrant the inference that glaciation here had a beginning coincident 
with the erection of the Sierra Nevada into a high range. 

W. F. M0R8ELL, U. S. Geol. Survey. 
At the 50th meeting of this society held in Washington, D. 
C, May 27, the last meeting until next fall, papers were read 
as follows : 

The Structure and Texture of Soils. Under this title Prof. Milton 
Whitney, of the U. S. Department of Agriculture said :— The following 
forces are usually spoken of as the principal ones in the disintegration 
of rocks and the formation of soils. 1. Changes of temperature. 2. 
Moving water or ice. 3. Influence of vegetable or animal life (shades 
the land ; admits air ; solvent action of the roots ; chemical action of 
decaying organic matter, earth-worms, and bacteria). 4. Chemical 
action of air and water. 5. Oxidation and hydration. Attention waa 
called to the fact that all of these forces, except the solvent action of 
water and hydration, are largely superficial and would not act at any 
considerable depth. They certainly can not explain the disintegration 
of rocks to a depth of 50 or 75 feet as is seen in the crystalline areas at 
the South. It IS an interesting fact that soils contain on an average 
about 50 per cent, by volume of interstitial space. If the solvent action 
of water has been the main cause of the disintegration of rocks, then 50 
per cent, of the rock must have been dissolved and carried away. If the 
rock has been split up by mechanical means into the minute grains of 
sand and clay then the resulting material must have swelled to twice 
its original volume. Lantern slides were exhibited showing the shape 
of soil grains and the relative size and surface area. These were used 
to illustrate some of the physical properties of sand and clay. Slides 
were also shown illustrating the texture of soils and the economical 
importance of this subject in the distribution of crops was pointed out, 
the texture of soils adapted to many of the principal crops being shown. 

By the structure of soils is meant the arrangement of the soil grains. 
This has an important geological bearing and a very important economic 
side. Slides were used to show grains of soil unflocculated as they 
exist in a puddled clay and flocculated as they exist in a loam soil. The 
effect of this on the relation of soils to rain fall was explained and the 
economic importance of the difference in the conditions maintained by 
the soils owing to the difference in the structure was pointed out. 

Topographic Nomenclature of Sjianish America. Mr. Robert T. Hill 
of the U. S. Geological Survey, read a comprehensive paper upon the 
names given by the Spanish people to the topographic features of the 
United States, accompanying each kind by a definition and appropriate 
lantern illustration. It was held that with one or two exceptions Span- 
ish words could be found upon the published maps for nearly all topo- 
graphic forms. Over fifty of these terms were defined and illustrated, 
and Mr. Hill proposed that many of them be adopted into the Engliph 
language, and used for forms for which the latter jmssesses no appro- 
priate term. The paper will be published in full. 

W. F. xMoKSELL, U. S. Geol. Survev. 
New York Academy of Sciences. 

May 18th, 1896. The Acndeiuy met with president Steven- 
son in the chair. The section of Ge(>l()gy and Mineralog}' at 
once organized. The first paper of the evening was by Mr. 
Heinrich Ries, entitled "Notes of a Trip through the Marble 
(juarries of western New Kngland and eastern New York." 

Mr. Ries sketched out the goolopfv and ^(eo^raphic distribution of 
imestono quarries alon^ the Hudson and Lake Champlain valleys, pass- 
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iug north, and the marble quarries in the Green mountains and Berk- 
shire hills, coming south. His remarks were copiously illustrated by 
the lantern and by many beautiful specimens. The paper was discussed 
by Messrs. Martin, Dodge and Kemp, to whose remarks the speaker 
replied. 

The second paper of the evening was by J. F. Kemp on ''The 
great Quartz Vein at Lantern hill, near Mystic, Conn. 

The speaker described the vein as about 400 ft. in width and at least 
1,200 ft. in Jength. Its northern extremity forms the summit of Lan- 
tern hill about 500 ft. above sea level. This portion is of hard milky 
white quartz. The southern extension of the vein forms Long hill. It 
is lower in altitude and largely composed of loose, pulverulent quartz, 
which, however, perfectly preserves the comby structure of the quartz 
vein. It consists of innumerable interk>cking masses of quartz crystals. 
It is but slightly iron stained in a few spots. It is so soft that it can 
be crumbled between the fingers and is easily dug with pick and shovel 
without any blasting. The vein strikes north about 15 degrees east and 
cuts squarely acroFs the laminations of the gneiss. It is one of the largest 
quartz veins known in the east and is of ver^ pure silica. Samples from 
tne crumbly portion range from 98 to 99.4 S1O2 . A few rare scales of 

some migaceous or chloritic mineral are practically the only other ones 
present. Under the microscope the powdered quartz appears quite fresh 
and exercises a vigorous influence on x)olarized light. Some prism faces 
of quartz crystals show etched figures, but in general the evidence of 
corroding alkaline solutions is hard to find. The speaker was therefore 
led to rerer the pulverulent character of the vein to the eflPects of a 
faulting or crushing movement, although he inferred on the spot the 
action of some corroding alkaline solution, presumably magnesian. The 
paper was discussed by Messrs. Dodge and Hovey. 

The third paper of the evening was by J. F. Kemp and was 
entitled "The Pre-Cambrian Topography of the Adirondacks." 

The speaker mentioned the curious outliers of Cambrian and Ordovi- 
cian strata that have been discovered far up in the mountains from the 
main outcrops that skirt them. They lie in valleys in metamorphosed 
crystalline rocks, which valleys represent beyond question the old pre- 
Cambrian river valleys and which were filled with sediment by the en- 
croaching sea of Cambrian and Ordovician time. Lake Greorge is the 
largest example of this kind and contains remnants of Potsdam sand- 
stone and Trenton limestone in its southern portion. The valley of 
Trput brook, which lies just west of Rogers rock at the north end of 
lake George and is separated from it by a high intervening ridge of 
gneiss, contains two outliers of Potsdam sandstone of a few acres in ex- 
tent. In the valley of Putnam's pond in the western part of Ticonder- 
oga township there is another outlier of Potsdam sandstone. Both of 
these are shown on the map of Ticonderoga which accompanied the 
speaker's report to Prof. James Hall on this region, published in 1895. 
Another isolated area of Calciferous limestone, is found on Schroon 
lake, under Schroon Lake post office. It is a few acres in extent and 
the exposed rock is about 75 ft. thick. It is 850 ft. above tide at its 
upper point. Down the lake and river valley it is nearly forty miles to 
the next Cambrian outcrop, which is below Hadley. The speaker also 
cited the little outlier of Trenton limestone near Wells on the Sacon- 
daga river and the fact that the Cambrian and Ordovician sediments 
on the west side reach short distances inio the areas of the crystalline 
rocks along the river valleys. He stated that all the outliers on the east 
side had a uniform northeasterly strike and a dip of 10 to 20 degrees to 
the northwest. He remarked that they occurred in the valleys of 
streams which are notably sluggish, explaining their slow movement by 
the fact that they flow in pre-Carabrian valleys, already nearly reduced 
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to a base level. He referred their parallel strike and dip to the j?eneral 
warping of the surface in this region. Remarking the undoubted pres 
ence of faults in the later development of the topography he emphasized 
the evidence of this early erosion long before the time of the fossilifer- 
ous sediments. He added that the old river valleys had in part been 
determined by the presence of crystalline limestones. The paper was 
discussed by Messrs. Dodge and Hovey. 

The last paper of the evening was by L. M. Luquer and H. 
Ries and described an area of Augen-gneiss near Bedford, N. 
Y. It was read by Mr. Luquer and will appear in full in the 
Transactions. 

The gneiss appears to have been originally a granitic rock that has 
been extensively crushed and sheared out into the Augen structure. 
The original quartz has been mostly comminuted, but the Carlsbad 
twins of orthoclase, have remained as augen. 

The paper was discussed by Dr. E. O. Hovey, who cited the case of 
the sheared Eisenach quartz-porphyry in which the feldspars have been 
crushed, but the quartzes have been drawn out. 

Mr. G. F. Kunz mentioned the following items as the meet- 
ing closed : 

The Ottawa, Kansas, Meteoric Stone. A meteoric stone 
weighing 81 ounces was seen to fall by Mr. J. F. Black, April 
9, 1896, at 6:15 p. m., on his farm 9 miles east and one mile 
north of Ottawa, Kansas. This meteorite contains iron par- 
ticles throughout and is of the characteristic stony variety. 

A REMARKABLE NUGGET OP NATIVE SILVER Weighing 448 

ounces troy, was found ^\e miles from Globe City, Pinal 
county, Arizona. The mass is a water- worn nugget, slightly 
oval, very compact, and on its surface is bright silver-white, 
showing that it is made up of strings of crystallized silver, 
whereas the interior of the entire mass contains more or less 
cerargyrite. It has been presented to the Lea Collection of 
American Minerals of the United States National Museum. 

New Zealand promises, mineralogically, to be a country of 
surprises, and many interesting things are being brought to 
light by the agate hunters from Oberstein, Germany, who are 
visiting it. Recently they have discovered some immense 
masses of rolled, rutilated quartz, weighing from 10 to 30 
pounds each. The masses are jienetrated by crystals of rutile, 
red, brown and yellow, many inches in length and of the fine- 
ness of hair. Occasionally the rutiles occur very sparingly; 
then again they arc in such profusion as to give the entire 
mass the appearance of being a matted mass of hair. One 
mass of 80 pounds was entirely of this character. A fifteen 
pound mass contained a dozen or more crystals of rutile nine 
inches in length and from one-half to two mm. in diameter. 
Magnificent crystals of amethyst have also been found, one 
of which is entirely of gem-cutting material and weighing 550 
pennyweights, or 27A ounces troy. Topaz, blue and white, is 
found in the same localities. .1. F. Kemp, Secretary. 
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NOTE ON THE DISCOVERY OF A SESSILE 
CONULARIA.-ARTICLE II. 

By R. RuEDEM ANN, DolgevUle, N. Y. 
(Plate II.) 

After having presented* the general features of the occur- 
rence of a sessile Convlaria, the writer intends now to de- 
scribe the most novel part of the fossil, i. e., the basal appen- 
dage. 

Though an attempt to isolate and decolor some of the appen- 
dages failed, partly on account of an obscure cleavage in the 
rock and partly on account of the consistency of the residuum 
after the treatment with acetic and hydrofluoric acids, the 
author succeeded at least in developing, by the application of 
the same agents, several of the stout chitinous appendages on 
the slabs (cf. figs. 5 and 16). The defects in the preparation 
of the material are atoned for by the well-preserved state of 
the material itself, for several of the bases are preserved in 
neat natural sections (cf. figs. 2 and 3), a comparative study 
of which — as well as of the varying aspects of the other bases 
— allows a fair insight into the structure of this interesting 
organ. In order to enable the reader to form for himself a 
picture by a comparison of the ditferent states of preservation, 
the writer has given as many sketches as possible. 

*Amer. Geol., vol. XVII, pp. 158, March, 189(). 
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As already stated in the first article, most bases appear at 
first sight as stout subeircular to subovalchitiiiuus rings* (cf. 
pi. II, fig. 1, which is the base of the specimen reproduced on 
pi. IX. fig. 1, op, cit.). The original form was probably cir- 
cular, as the elongated forms (cf. fig. 20) are generally found 
near the edge of the supporting fossil (cf. pi. VIII, figs. I and 
2), where they were more liable to become laterally com- 
pressed than those on the inner part of the fossil. 

The dimensions of those rings which are found still attached 
to a Connlai'id are: diameter from 1 to 2 mm. (original of fig. 
I. pi. II, measures 1.3x.7 mm.; original of fig. 19, 1.75x2 mm.), 
though a few larger separate ones have been found (one 
measuring 4 mm.) ; hight .3 mm., (taken from the originals to 
figs. 1, 2 and 8). 

Externally the ring is perfectly smooth and shining (fig. 1), 
expanded more or less abruptly towards the base (cf. figs. 2, 
.3, 13, 18). Underneath it possesses a system of regular radial 
folds (cf. figs. 7, 8, 9, 13, 18). The true nature of the rings 
is revealed by a few vertical sections which were found on 
some slabs (cf. figs. 2 and 3). Fig. 2 is a reproduction of the 
whole fossil, which is interesting because it demonstrates not 
only the occurrence of basal appendages detached from the 
extraneous object, but also the common separation of the pyra- 
mid of Conuiarta (jracilia from the appendage a little above the 
latter. As both sections are not quite median, part of the ring 

♦These rings have been observed by A. G. Nathorst as early as 1882 
(cf. A. G. Nathorst. **0m fOrekomsten af Sphenothallns cfr. an^^ustifo- 
I ills Hall i pilurisk skiflfer i VestergOtland" in Geologieka Fftrenmgens i 
Stockholm FOrhandlingar, vol. 6, p. 315, pi 15). The same author has 
published this year, in the April number of the same journal (vol. 18, 
no. 4), under the headline of '\Sphenothalli(s en Conularid.,^'' a review 
of the study of this interesting fossil in Sweden, from which it appears 
that he, in describing -in the first cited paper—a specimen of Spheno- 
thdlluH Hall from the Silurian shale in the neighborhood of V&mb in 
Westgothland, accepted Hall's interpretation of the fossil as an alga. 
Some years later, however, another specimen was sent to him by Dr. N. 
O. Hoist, the state of preservation of which was such as to convince 
Nathorst at once of the impossibility to refer the fossil to the vegetable 
kingdom. He pointed out this fact to Hoist, who afterwards sent the 
same specimen to J. Chr. Moberg for identification. The latter reached 
the same conclusion, as appears from an extract of a letter of his to 
Nathorst: *'It Foems to remind me somewhat of a Conuldria, and above 
all it surely was not any alga." Nathorst himself accepts now the 
identification of Spenothalliis with Cotinlana. HalTs type is not so 
well preserved as to have been able to suggest a comparipon with 
Conularia. 
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is seen from the inside. In both, the ring becomes attenuated 
toward the top (in fig. 2 abruptly) thus forming a skin which 
fastened the basal appendage to the pyramid. This skin 
formed a dome above the ring, as may be inferred from the 
laterally compressed specimen reproduced by fig. 9, at a : b is 
the basal ring, which on account of its bulging out a little 
more, adheres to the counter part of the fossil. The general 
form of the appendage may be compared to a bell, which term 
will be applied in this paper to the exterior chitinous wall of 
the organ under consideration, as the word does not imply any 
expression regarding the possible functions of the whole. 

Fig. 10 reproduces a specimen (taken from the original to 
pi. VIII, fig. 2), which gives a view of the inside of the dome 
of the bell and exhibits irregular radial wrinkles of the skin, 
caused probably by shrinkage prior to fossilization. In fig. 
12 a base is seen from above. Here the greater part of the 
ring is preserved, while the upper portion of the bell left only 
its impression. 

As appears from fig. 8, which reproduces the view allowed 
by one of the appendages into the bell from beneath, the lat- 
ter — or at least its thicker basal part — consisted of concentric 
layers. 

The absence of any carbonaceous film at the base of the 
bell (cf. figs. 7, 8, 13) would lead to the conclusion that the 
bell was open there; but the smooth surface of the rock 
inside of the deeper impression of the ring (cf. fig. 9rf) in sev- 
eral specimens indicates the former existence of a basal 
closing film. A very clear view of the latter is furnished by 
the basal appendage (cf. fig. 16) of the Couularia reproduced 
in fig. 14, which apparently was attached to a little fragment 
of a StictoporeAla. It appeared at first like fig, 16 ; the dis- 
solving of the enclosed rock, however, brought out the entire 
base of the organ, namely, the broad, deeply-impressed exte- 
rior ring (a), the impression of the somewhat wrinkled film 
(h) stretching towards the center of the base and connecting 
with an internal part (c) that appears as a narrower radially 
furrowed impression of a ring. The latter can be seen very 
distinctly at the bottom of the basal appendage reproduced 
by fig. 1. In the remarkable specimen belonging to fig. 6, all 
chitinous parts have been removed by weathering except two 
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stout rings, which strongly contrast with the buff-colored 
weathered shale, and which are evidently the bases of the bell 
and of an internal part of the appendage. Also the original 
to fig. 5 (taken from the group pi. IX, fig. 7) exhibits a stout, 
though now, through the action of the acids, somewhat cor- 
roded ring. Another reproduction (fig. 7) of the underside 
of a basal appendage shows the latter removed from the center, 
apparently by the overturning of the young Conularia to 
which it was firmly attached. It is partly preserved in the 
original of fig. 9, and it can be distinctly seen in the basal ap- 
pendage reproduced in fig. 13 (taken from the group pi. VIII, 
fig. 5), where it stands out in relief, while its system of basal 
radial furrows can be seen in fig. 18 at b. 

The real form of this internal body is revealed by a fine 
vertical section through the basal appendage (fig. 3) of a de- 
tached Conularia (fig. 4). This section shows a crescent- 
shaped cleft again of a stout chitinous body, proceeding from 
the converging marginal grooves of the pyramid of Conularia, 
The horns of the crescent can be traced to the chitinous mass 
of the basal ring of the bell, the inside of which is visible in 
the section. The original to fig. 5 assists in making evident 
that this crescent is the section of a chitinous cup-shaped 
body, which is fastened to the apex of the pyramid, while its 
base is continuous with the basal skin, extending to the exte- 
rior bell. The cup itself was not closed basally, as it can be 
inferred from the little node in the center of the impressions 
of the basal appendages (cf. fig. 9</). 

It remains to consider the connection of the pyramid of 
Conularia with the basal organ. As the sections figs. 2 and 
3 indicate, the angular grooves of the pyramid curved in 
at the basal end. The subquadrangular piece broken out of 
the dome of the bell in fig. 10 suggests that the shell of Conu- 
laria yet retained its quadrangular section when entering the 
bell. The counterpart of this fossil (fig. 11) has preserved 
the broken-out chitinous piece and exhibits on the latter a 
cross of four ridges, consisting of pyrite. A similar aspect is 
presented b}' the node in the middle of the basal appendage 
of fig. 17, which is an enlargement of the base of the speci- 
men reproduced on pi. Vlll. fig. 4, and which shows two arms 
and the intersections of the two others on top ot* the central 
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node. The pyrite in both specimens points to the former ex- 
istence of canals, or at least to an original ditference between 
the material which has been replaced by pyrite and the en- 
closing chitine. There can hardly be any doubt that the cross 
of pyrite represents the basal junction of the marginal grooves 
of the pyramid, and that the little node in the center of the 
base (cf. figs. 11 and 17) is the real apex of the pyramid. 
The direct continuance of at least two grooves is exhibited by 
quite a number of remains, e. g.. by those reproduced in figs. 
18 and 19, while the original to fig. 20 gives a neat section 
through the four grooves at the entrance of the pyramid into 
the bell. It is evident from the latter fossil that these grooves, 
as already demonstrated in the first article, were originally 
covered by a carbonaceous film and filled with phosphate of 
lime. The supposition is, therefore, not out the way, that 
they may have been free from this filling towards their prox- 
imal ends and could therefore have been filled by pyrite dur- 
ing the process of fossilization. 

The morphology of the whole appendage will be best under- 
stood from a diagrammatic section, as given in fig. 21. The 
apex of the pyramid {d) is enclosed in a stout central cup 
(6), which, in turn, is connected by a thin film (c) with the 
broad basal extension of the exterior bell (a). The latter 
again is fastened to the pyramid a little above the cup. 

There can be no doubt that the basal appendage was an or- 
gan of attachment. It is further evident that the latter did 
not amount to a coalescence, but was of a temporary charac- 
ter only ; for the not uncommon occurrence of detached spec- 
imens with well-preserved basal appendages (cf. figs. 2 and 4) 
is not consistent with the assumption of a coalescence. The 
apparatus, therefore, cannot be compared to the basal disks, 
such as certain bryozoans have. On the other hand, it is in- 
dicated by the impressions left by the appendages* that their 
inner parts were flexible or even retractible, while the stout 
exterior bell, with its broad, radially striated base, apparently 
served to give stability to the mechanism and to close the in- 
terior tightly from the exterior. 
1 

*Cf. figB. 16 and 9, which show the rir.g-like impression (c) of the bell 
to be considerably deex)er than that of the wrinkled basal film id). 



70 The American Geologisz AuKust, i«96 

An attempt to compare the basal appendages to suckers, 
such as various gastropods use for purposes of attachment, 
would lead to the further assumption that their interior was 
filled with muscular tissue, and consequently connected with 
the circulatory system of the living animal. The writer was 
unable to study this question on account of the negative re- 
sults which followed his attempts to isolate the appendages; 
neither did he succeed in tracing the confluent canals, indi- 
cated by the cross of pyrite at the apex of the shell, which 
ma}^ have effected a connection with the interior of the pyra- 
mid and thereby Have become instrumental in producing a 
vacuum b}'^ the withdrawal of a fluid, similar to that found in 
the pedicels of the echinoids. The writer, however, is inclined 
to suppose that there existed no connection whatever between 
the interiors of the pyramid and of the appendage, but that 
attachment was effected by the elasticity of the latter alone, 
especially by that of the central cup. The organ might then 
be compared to the chitinous suckers with which the males of 
certain water-beetles (e. g., Eimectes) are provided, and 
which possess no muscular tissue whatever but adhere to for- 
eign bodies by external pressure and by subsequently resum- 
ing the original shape through their own elasticity, thus 
producing a vacuum much like the India rubber plates which 
are used to fasten objects to the glass plates of show windows. 
The shape of the central cup as well as the fact that the ap- 
pendage consists of a substance which certainly was elastic, 
could be adduced in favor of this supposition, while there 
seems to be no serious obstacle in the way of assuming that 
the animal, — which no doubt had a certain power of free 
moving. — had tlie further power of pressing the apex of the 
shell and with it the securely fastened cup to the body it 
wished to adhere to. 

The diagrammatic section, fig. 21, is intended to illustrate 
the working of the apparatus, the dotted part representing 
the latter in the state of compression preparator}^ to attach- 
ment, and the striated part shows the same in the state of 
attachment bv suction. 

It should be remembered that however erroneous the at- 
tenij)! to explain the s|)eeial operation of this organ may be, 
this does not atf'ect the fact that the attachment was evidently 
only a teinj)orary one and that the iinj)ressi(»ns left by the 
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appendages show both, the connecting film and the central 
cup bulging inward. These observations can, in the opinion 
of the writer, be onlj accounted for by the assumption that 
the basal appendage was an organ of attachment by suction. 

EXF»LANATI0N OF PlATK II. 

Conularia gracilis Hall. Utica shale, Dolgeville, N. Y. 

Fig. 1. Dorsal view of basal appendage. Enlargement of the append- 
age of the specimen reproduced in pi. IX, fig. 1. XlO. 

Fig. 2. Vertical section through appendage. Whole specimen as 
found. XlO. 

Fig. 3. Nearly vertical section, a, basal ring of exterior bell, seen 
from inside; b, dorsal part of bell; c, interior cup. XlO. 

Fig. 4. Detached specimen of Cotnihiria gracilis, bearing the append- 
ago reproduced by fig. 3. Nat. size. 

Fig. 5. Underside of appendage. «, base of exterior bell: b, base of 
interior cup. XlO. 

Fig. 6. Ventral view of appendage, only the bases of exterior bell {a) 
and interior cup {b) being preserved. XlO. 

Fig. 7. Ventral view of appendage, a, base of exterior bell: />, base 
of interior cup. XlO. 

Fig. 8. Ventral view of appendage, showing the radial furrows of the 
base of the exterior bell and the concentric structure of the latter. XlO. 

Fig. 9. Lateral view of basal appendage, a, dome of bell: b, basal 
ring of bell; c, impression of base of bell: d, impression of basal skin: 
e, node in center, cast of central cup. XlO. 

• Fig. 10. Interior view of bell fiom ventral side, shows wrinkled dome 
of bell and subquadrangular entrance of pyramid of Conularia. XlO. 

Fig. 11. Counterpart of the preceding. Shows the apex of the pyra- 
mid. XlO. 

Fig. 12. Dorsal view of appendage. Dome of bell broken away. XlO. 

Fig. 13. Ventral view of appendage. Shows radial striation of base 

of bell. XlO. 
Fig. 14. Conularia gracilis Hall attached to a fragment of Stictoj)o- 

rella. Nat. size. 

Fig. 15. The same. Basal appendage as found originally. X8. 

Fig. 16. The same. Matrix removed bv acetic and hvdrofluoric acids. 
a, interior bell: b, impres.9ion of connecting basal skin: c, impression of 
central cup. X8. 

Fig. 17. Ventral view of appendage. Exterior bell seen in section. 
Exhibits apex of pyramid. XO. 

Fig. 18. Ventral view of appendage, a, base of bell: b, base of cen- 
tral cup. X 10. 

Fig. 19. Impression of basal appendage. Junction of two marginal 
grooves of pyramid preserved. XlO 

Fig. 20. Transversal section through appendage. Shows the four 
marginal grooves of the shell of Conulari(t in section. XlO. 

Fig. 21. Diagrammatic section through basal appendage. The dotted 
part is a section through the basal appendage in the state of compres- 
sion, the striated through the same in the state of attachment. XlO. 
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PREGLACIAL EROSION CYCLES IN NORTHWEST- 
ERN ILLINOIS. 

By Oscar H. Hershet, Froeport, 111. 

Introduction. 

There are three steps to be taken in the study of the geo- 
morphology of the upper Mississippi basin. The first is the 
determination of the various cycles of erosion in the several 
districts as illustrated by the present topographic forms: the 
second is the correlation of the ancient baselevels of the dif- 
ferent districts by comparison and by direct tracing; the 
third is the determination of the relation between the cycles 
of erosion in the geologic province and the cycles of deposi- 
tion in the surrounding seas, as illustrated by marine deposits 
of a known age. It is the purpose of the writer in this paper 
to take the first step in one very limited district, namely, that 
portion of the state of Illinois which lies north and west of 
the Rock river. This district lies on the southern slope and 
near the base of the Wisconsin Uplift, is a more elevated area 
than the remainder of the state, and has been subject to epeir- 
ogenic movements of a greater amplitude. Furthermore, its 
rock formations are well indurated, and the glaciation of the 
region has had very little effect on its topography. Hence 
the stud}'^ of the geomorphology of the state may well begin 
in this northwestern corner. Illustrations will be drawn 
chiefly from the Pecatonica basin, because that is the portion 
of the district with which the writer is best acquainted. 

Stratigraphy of thk District. 

The indurated bed-rock formations of northwestern Illinois 
may be combined into the following general table: 

Thickness, 
Carboniferous sandstone and Devonian limestone feet. 

Niagara limestont^ 200 •' 

Hudson River shales 85 '* 

Utica shales? 14 '* 

Galena limestone 200 ** 

Trenton shale 5 •' 

Trenton limestone 40 " 

Pecatonica limestone 40 " 

St. Peter sandstone 200 '* 

I^)\ver Magnesian limestone and shale, exposed 10 *' 

Total 794 feet. 
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The strata are nearly horizontal, the normal dip being to 
the eouth at the rate of a few feet per mile. But they have 
been thrown into gentle undulations of two systems. The first 
system consists of a number of low broad anticlinal and mo- 
noclinal axes sweeping across the district in a general east 
and west direction, but curving slightly toward the south. 
Crossing this system at an oblique angle, there is a less dis- 
tinct northwest and southeast system. In addition to the 
above systems of a true Appalachian montanic type, there is 
a long broad structural elevation, commonly known as the 
Grand de Tour- La Salle anticlinal. This is the nature of the 
so-called Cincinnati arch, of which, in fact, it appears to be a 
continuation. 

Topography. 

In order to obtain a correct idea of the topographic features 
of the district under discussion, we can do no better than to 
briefly describe a number of views taken from elevated sta- 
tions within its limits. 

View i. Two miles northwest of the town of I^na, in Ste- 
phenson county, there stands an isolated '*mound," long 
thought to be the highest elevation in the state. In ascending 
it, a splendid scene bursts upon our vision. Few people know 
the delight of looking down upon a cultivated plain from even 
so low an elevation as a '*mound." This hill is about 150 feet 
in hight, and it stands on a plain which has at tirst a gently 
rolling surface, but at some distance, if we face the north or 
east, toward the Pecatonicn river, it becomes rapidly undu- 
lating, being dissected by comparatively narrow valleys. Al- 
though it is a hilly country, all the hilltops rise to nearly the 
same hight and in the far distance merge into a perfectly 
even sky line. Looking southeastward, the apparent plain is 
seen to be broken by a single elevation, a *'raound," six miles 
distant, consisting of several long and narrow parallel ridges, 
which rise to a maximum altitude of about 125 feet above the 
plain. Southward and westward the level plain is terminated 
by a long range of hills, which, if the atmosphere be hazy, will 
resemble a low mountain range, though only a few hundred 
feet high and twelve miles distant. At the northern end, 
this range of hills breaks up into several isolated cone-shaped 
mounds. 



7-1 The American Geologist August, 1895 

View 2, About two miles east of Galena, in Jo Daviess 
county, there is a "mound" which rises perhaps 200 feet above 
the general upland surface. Looking northwestward from its 
summit we see a sharply dissected plain, broken by no eleva- 
tions within this state. But to the south and southwest a 
line of prominent "mounds" rise from 200 to 300 feet above 
the plane which passes along the hilltops of the ordinary up- 
land surface. Eastward from us a very large portion of the 
country is occupied by long ridges and small plateaus, which 
rise from a dissected plain in the same manner and to a simi- 
lar hight as the isolated "mounds." 

Vietr 3, This view is taken five miles northeast of the city 

%■' 

of Freeport, in Stephenson county. We stand on a broad ridge 
and look across similar ridges to the north and east. But all 
the ridges are of the same hight, and within a few miles they 
merge into a perfectly even sky line. Tracing this line around 
by the west, we find it broken by a single cone-shaped mound ; 
but, turning to the south, we look across a broad basin in 
which the hill tops do not rise to so great altitude as the 
ridge on which we stand. Ten miles distant, however, the 
surface again rises to the level of the bills immediately about 
us, and is apparently a portion of the same dissected plain. 
In the broad shallow basin, which intervenes betw^een the 
higher ridges, we find that, were the valleys filled up to the 
level of the hills, we should have a plain, sloping rapidly from 
the ridges which bound it, but becoming nearly level in the 
central portion. While its level isf 100 feet lower than the 
ordinary upland surface, it is still a very hilly country, for, 
trenched below the bottom of the ancient basin, there are 
comparatively narrow valleys, locally bounded by blutl's. The 
largest af these valleys is occupied by the Pecatonica river. 

]'i€w 4' The divide between the hydrographic basins of 
Yellow creek and Leaf river is a broad ridge, at some places 
simulating a low, narrow plateau. Taking our position on its 
crest and looking southward, we see a broad valley or basin, 
several miles wide and bounded by a narrow ridge nearly as 
high as the one on which we stand. Trenched into the bottom 
of this basin are narrow valleys of the same system that we 
found in the Pecatonica basin. If we were to go southward 
across this l):isin to the ridge which bounds th e view in that 
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direction, upon ascending to its summit we should look into 
a similar but broader basin, and beyond it to another high 
ridge in the distance. 

During the first two views we stood on '* mounds," and 
looked down upon a broad gently undulating and deeply dis- 
sected plain. During the last two views we stood on some of 
the ridges which compose this plain, and looked across lower, 
dissected, basin-like plains. It is evident that the topographic 
forms of the district fall naturally into four classes. There 
is apparently a well defined but deeply eroded peneplain, be- 
neath the surface of which there have been excavated shallow 
valleys, so broad that they may be considered as another but 
imperfectly developed peneplain. The *' mounds " rise above 
the first as monadnocks, and the bluff-bound valleys are 
trenched below the second, constituting the present canon- 
like valleys of the streams. 

Ancient Peneplains or Baselevels. 

The writer recognizes five distinct preglacial baselevels in 
northwestern Illinois. As their age is somewhat uncertain at 
the present stage of the study, the}'' will be designated by 
numbers. 

Peneplain No, 7. The ''mounds" of the lead region of 
Iowa, Wisconsin, and Illinois, consist of about 100 feet of 
Cincinnati shales, capped by from 25 to 150 feet of Niagara 
limestone. They do not all rise to the same altitude, but, in 
general, adjacent *' mounds" have their summits nearl}' on a 
common level. Many of them are prolonged into ridges and 
broaden into narrow plateaus. The ridges have even crest 
lines, and the plateaus are fiat. In short they impress one as 
being remnants of an eroded and slightly deformed peneplain. 
There are, however, several objections to the ready acceptance 
of this proposition. Especially it may be urged, from the 
presence of the capping Niagara limestone, that the apparent 
even plain of the summits is a structural plane due to a resis- 
tant stratum. 

There is some evidence that a baselevel plain of erosion ex- 
isted at or above the summit plane of the '^mounds." They 
almost invariablv stand over the svnclinal axes of the district. 
This fact has been so generally recognized that some geolo- 
gists have ventured to locate such axes by means of the 
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•'moimclp" alone. Now it is evident that, when the baselevel 
passed below the summit plane of the "mounds," the drainage 
systems were not in the synclinal troughs, but had been read- 
justed during some previous cycle so as to occupy the posi- 
tion of the anticlinal axes. This does not necessarily imply 
the presence of a peneplain, but, as studies in other portions 
of the continent have shown that such a readjustment of 
drainage systems is generally accompanied by the formation 
of a peneplain, we may presume that such was the casein our 
district also. It remains to determine, however, whether the 
"mounds'' reach the level of the peneplain or are merely the 
worn down remnants of higher elevations. 

The Niagara limestone in Iowa, adjoining the district occu- 
pied by the "mounds," reaches a maximum thickness of 350 
feet. It thins slightly in all directions, but at least 200 feet 
of it is due over these elevations. Now in the central portion 
of Jo Daviess count}', where there are plateaus exceeding one 
mile in wndth, less than half of this thickness of the Niagara 
formation remains. If the summit of the "mounds" is not an 
eroded peneplain, but due to the presence of the resistant Ni- 
agara limestone, we should expect their hight to be dependent 
largely on the width. For instance, a ridge of unequal width 
should have a serrated crest line. It is also ditticult to under- 
stand the conditions under which subaerial erosion, acting on 
the summit of a ridge, could remove the larger part of a ho- 
mogeneous hard limestone formation and finally leave it as a 
flat-topped plateau exceeding one mile in width. Indeed, the 
evidence is almost conclusive that the removal of the greater 
portion of the limestone was effected during a cycle in which 
the baselevel of erosion approximately coincided wuth the 
summit plane of the "mounds." The preservation of these 
remnants of the peneplain, to the present day, is due to the 
fortuitous circumstance of the baselevel bearing such a rela- 
tion to the structural planes as to preserve strips of the Niag- 
ara terrane over the synclinal troughs, while the anticlinals 
carried the surface of the soft Cincinnati shales above the 
penei)lain, constituting them lines of weakness readily seized 
upon by the streams. 

It is not asserted that all the "mounds'' of this district 
reach the level of the peneplain. The summit of many of the 
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cone-shaped elevations and narrow ridges has doubtless been 
lowered somewhat during subsequent cycles of erosion. In 
some cases the limestone cap has been entirely removed and 
the soft shales underneath have been worn down to a mere 
dome-shaped protuberance on the lower plain. But the flat- 
topped plateaus must attain a hight as near to that of the 
uplifted basal plane of erosion as do any of the ancient pene- 
plains of America. 

This peneplain No. 1, in northwestern Illinois, attains a 
maximum altitude at least 1,275 feet above the sea, as indi- 
cated by Charles Mound, in Jo Daviess county, the highest 
elevation in the state of Illinois. From here it slopes gently 
towards the south and southeast. The most eastern "mound" 
is situated near the village of Eleroy in Stephenson county. 
It is thirty miles east-southeast from Charles Mound and at- 
tains an altitude of about 1,075 feet above the sea. On this 
"mound" there remains only a thickness of about a dozen feet 
of the Niagara limestone, and we might suppose that its sum- 
mit has been worn down far below the peneplain level. But 
all the "mounds" in Stephenson county rise to a plane which 
gradually ascends as it approaches Charles Mound and passes 
through its summit. Consequently, we may assume that the 
peneplain level is represented by the summits of the Stephen- 
son county "mounds." We thus learn that not only is it de- 
pressed toward the southeast but it also approaches the plane 
which passes through the ordinary upland surface. In west- 
ern Jo Daviess county the upper peneplain stands about 250 
feet above the lower plain, while in Stephenson county the 
diiference is only 125 feet. The preservation of many rem- 
nants of the peneplain in central Jo Daviess county is due to 
the considerable thickness of Niagara limestone remaining in 
the structural troughs at the close of the cy^cle. But the 
peneplain in passing eastward on the strike of the synclinal 
axes beveled the edges of the Niagara strata gently upturned 
by the Grand de Tour-La Salle axis of uplift. This accounts 
for the small amount of Niagara limestone remaining on the 
"mounds" of Stephenson county and also for its total absence 
in the country east of Elero3\ 

At the close of cvcle No. 1 northwestern Illinois was a low- 
lying plain of slight relief, with river sj^stems adjusted to the 
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anticlinal axes or at least with the main divides in the posi- 
tion of the structural troughs. The altitude of the land at 
that period depended on the position of the sea coast, which 
was probably not far distant; and consequently we may con- 
sider the plain to have been practically at sea-level. The 
cycle was terminated by a slight uplift of the district, estab- 
lishing a new baselevel of erosion, rejuvenating the streams, 
causing them to excavate new valleys, widening them until 
the divides had nearly disappeared as prominent topographic 
forms (except the '^mounds"), and finally completing the new 
peneplain which we shall next consider. 

Penephiia No. ^. While some slight doubt may remain 
concerning the presence of a peneplain passing through the 
suiymit of the '' mounds," none whatever can be entertained 
as to the nature of the plain at their base. It is the most 
characteristic topographic feature of this district and is a 
true basal plain of erosion. Although it corresponds through- 
out a large portion of the district with the surface of the 
Galena limestone terrane. it is unaffected by the structural 
folds of the indurated formations. In Stephenson county it 
passes within six miles from the surface of the Galena lime- 
stone, through 100 feet of Cincinnati shales and well into the 
lower portion of the Niagara formation. Continuing south on 
the same line into Ogle county, in six miles farther it has 
again beveled the edges of the gently inclined Cincinnati 
strata and cut away half of the Galena limestone. Fifteen 
miles southeastward it coincides with the surface of the St. 
Peter sandstone. In the vicinity of the Mississippi river it 
passes through the gently inclined strata of the Galena, Cin- 
cinnati, and Niagara formations, and always maintains a 
nearly even surface. 

At the foot of the *' mounds'' this peneplain is usually well 
preserved as a level plain : but in approaching the main lines 
of drainage it has been deeply eroded and remains only as 
widely separated, gently sloping ridges. One of these ridges 
terminates in the high rock ridge on the western side of the 
city of Freeport. Northward from it the country rock is the 
Galena limestone, and beyond the Pecatonica valley the first 
remnant of this peneplain le a higher upland ridge about 
three uiilee dletant. Bat southward from it, where the soft 
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Cincinnati shales still remained in considerable thickness at 
the close of cycle No. 2, the peneplain is represented by no 
ridge until the base of the Niagara limestone passes below its 
level six miles south. Thence to the Rock river this base- 
leveled plain remains only in long, narrow ridges, several miles 
apart, and occupying the position of the synclinal axes. In- 
deed, the regular deformations of the rock strata can be 
determined as readily bj' a studj^ of the ridges which consti- 
tute the remnants of peneplain No. 2 as by the -^mounds." 

In the country eastward from Freeport, the uplifted pene- 
plain which we are now considering is represented by a broad 
ridge on the Stephenson and Ogle county line; and ten miles 
north it forms a hilly upland described in view 3. The basin 
between these higher upland areas widens toward the east 
until it constitutes the greater portion of the upland surface. 
In the vicinity of the preglacial valley of Rock river, pene- 
plain No. 2 has been completely destroyed, as also for many 
miles back from it. But outside of the immediate valley of 
the stream, the surface is an eroded upland plain resembling 
that of western Stephenson county; and, at first thought, the 
much lower altitude of the upland near Rock river than of 
the general surface in the more western portion of the district 
might be attributed to a tilting of the peneplain toward the 
east. Such tilting has occurred, but not to the amount that 
a casual survey of the region would indicate. Even in the 
eastern portion of Stephenson county, where both upland 
plains are well represented, some confusion might be exper- 
ienced in separating the upland surface into two classes; for 
the ridges which make up the lower upland are but little 
lower than the remnant ridges of peneplain No. 2 along the 
edges of the basins, while the former gently decline in a grace- 
ful curve and the two reach the Pecatonica valley proper at 
Mi equal hight. All the higher upland ridges form a perfect 
plain sloping gently to the southeast. The inclination is 
regular, and by projecting the plane across the Rock river 
valley it is found to be at a considerable hight above the 
general upland surface. Proceeding on a meridional line 
southward from Freeport, the same gentle declination of the 
peneplain is indicated by the higher ridges; and, projecting 
i ts plane across the upland near Rock river, it is found to be 
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at a greater hight than is attained by any of the ridges there. 
In short, we have abundant evidence that peneplain No. 2 has 
been entirely destroyed throughout the country near the 
ancient Rock river, and that the upland there found is a later 
and lower eroded peneplain. 

The present altitude of peneplain No. 2 in northwestern 
Illinois reaches a maximum, near Warren in Jo Daviess county, 
of 1,016 feet above the sea. This is apparently on a north and 
south axis of deformation of the peneplain, for both eastward 
and westward from it there is a gentle descending slope of 
the upland surface. Near the Mississippi river it slightly 
exceeds 900 feet above the sea, and in the Rock river valley 
its altitude is about the same. Indeed, on the Wisconsin line, 
the peneplain for a score of miles both east and west from 
Warren keeps well up to the 1,000 foot level. There is a^entle 
descent southward at the average rate of three feet per mile. 
Furthermore, there is an east and west slope from the above 
mentioned axis of deformation, which trends northwest to 
southeast nearly in the position of the axis of the Grand de 
Tour-LaSalle uplift. Along this structural ridge, the pene- 
plain, after crossing the state line near Warren at 1,015 feet, 
still maintains an altitude exceeding 900 feet where it crosses 
the present Rock river between Oregon and Grand de Tour. 
At Freeport the peneplain is about 925 feet above the sea ; 
and at Rockford, 28 miles east, though none of the ridges in 
the vicinity quite reach its level, it may be placed approxi- 
mately at 850 feet. There is thus a very gentle inclination of 
the peneplain on the northeast slope of the structural ridge 
above mentioned; but from its summit it slopes more rapidly 
toward the southwest. I have not the data for definitely de- 
termining its altitude in the southwestern portion of the 
district, but should locate it at Savanna as about 900 feet 
above the sea, and at Rock Island as 800 feet. 

At the close of cycle No. 2 northwestern Illinois was a 
nearly perfect plain, sloping very gently toward the nearest 
sea coast and surmounted by about a score of slight eleva- 
tions, some iscWated and others grouj)ed into clusters of hills. 
The altitude of this peneplain depended on the distance to 
the sea. As its a^e has not yet been deterniined, we cannot 
say wh(»re the coast stood during this cycle. We will assume 
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that the Btreame which baseleveled our district flowed into 
the sea at the head of the Mississippi erabayment. Approxi- 
mating the distance as 400 miles, and allowing a gradient of 
two inches as a minimum and five inches as a maximum per 
mile, we should arrive at an altitude for the plain in the posi- 
tion now occupied by the city of Freeport of respectively 6t> 
feet and 166 feet. The latter figure is probably more nearly 
correct than the former, and by adding 275 feet for the maxi- 
mum hight of the **mounds" we should have 441 feet above 
the sea as the altitude of the highest point of our district 
(and probably of all districts in the present state of Illinois) 
at the close of cycle No. 2. Although little reliance can be 
placed on the accuracy of the foregoing (and subsequent) es- 
timates of the altitude of northwestern Illinois during differ- 
ent erosion cycles, they may be considered as indicating, in a 
general way, the amount of elevation during each uplift of 
the region. It is proposed to prove that our district was up- 
lifted by a series of movements of elevation, perhaps epeiro- 
genic in quality, culminating at the close of the five preglacial 
erosion cycles. If there were movements of depression, their 
record has been destroyed by subsequent erosion. 

Peneplain No, 3. The main features of this peneplain have 
been already described. It is only quite recently that the 
writer first recognized its existence. As suggested before, 
many observers on a hasty reconnoissance of the region might 
deny its existence entirely. But upon proceeding eastward 
from Freeport and taking a position on the bluffs of the Pec- 
atonica valley, the facts can not be controverted that all the 
ridges adjacent to the present canon -like valley rise to the 
same hight, which is about 80 feet above the river level ; and 
that this hilltop plane is about 100 feet lower than the ordi- 
nary upland surface several miles back from the river. These 
80-foot ridgc« undoubtedly represent a base level of erosion. 
The peneplain of the higher upland ridges, the basin-like val- 
leys above the level of the 80-foot ridges, and the present 
canon-like valleys, are all carved from a homogeneous forma- 
tion, the Galena limestone. Furthermore, the facts that 
similar broad and shallow basins have been excavated below 
the surface of peneplain No. 2 throughout the region, and that 
the bottom of these basins always bears about the same rela- 
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tion to the higher peneplain and to the present water level, 
are strong presumptive evidence that they indicate the posi- 
tion of an uplifted baselevel of erosion. 

The depth of the basins averages 100 feet throughout the 
district. Their width was dependent not only on the size of 
the stream but also to a certain extent on the nature of the 
rock excavated, and to a less extent on the position of the 
synclinal axes. While the Pecatonica river above Freeport 
eroded a basin only about three miles wide in Galena lime- 
stone, its tributary, the ancient Yellow creek, excavated a 
basin four to five miles wide in Cincinnati shales. In the 
same formation, however, the size of the basins is proportion- 
ate to the size of the present streams. In the vicinity of the 
main lines of drainage, like that of the ancient Rock river, 
the basin was very broad and the central portion of it a flat 
plain miles in width (a true peneplain though a narrow one) ; 
but, in ascending to the headwaters of the streams, these ba- 
sins narrow until they become mere gentle slopes of the upper 
portion of the present valley sides. This is their nature 
throughout a large part of the southern portion of the Drift- 
less Area in Jo Daviess county, Illinois. But even here the 
rather abrupt change from a gentle slope to a nearly perpen- 
dicular bluff face will impress one as indicating a baselevel of 
erosion. 

Assuming the existence of an uplifted erosion plane at the 
level of the lower upland ridges as demonstrated, we find that 
its present altitude at Freeport is 820 feet above the sea. It 
is represented in the city by the ridge on its southern edge, 
which ridge is overlooked by the remnant of the higher pene- 
plain constituted by the western ridge before mentioned. I 
have not the data for accurately locating its altitude in any 
other portion of the district. If it always coincided with the 
summit of the valley bluffs, its altitude could be determined 
by adding the known hight of a blulf to the altitude of the 
stream at its base. On this principle I should locate baselevel 
No. 8 near Rockford as 780 feet above the sea; at (ialena, 
800 feet; at Savanna, 800 feet; at Hock Island, 700 feet; at 
Sterling, 750 feet: and at Oregon. 800 feet. But as there is 
usu'illy a short slope from the sum mi t of the ridges which 
form the eroded peneplain t(» the to|) of the blulf proper, the 
above altitudes ar(» proha!)ly somewhat below the true hight. 
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At the close of cycle No. 3 northwestern Illinois was a 
gently rolling plain. The general upland surface was about 
100 feet above the broad plainlike valleys of the larger streajns. 
We cannot say that the sea coast during this cycle of erosion 
was more distant than during the preceding one; and, as the 
larger valleys were a perfect baseleveled plain, we will assume 
the same drainage gradient for the streams of this cycle. As- 
suming the ditt'erence in altitude of the two peneplains to be 
the actual amount of uplift, we obtain a maximum altitude for 
our district at the end of cycle No. 3 as 541 feet. The average 
upland altitude would be 266 feet above the sea level of that 
time. It is possible that our estimates for this cycle are too 
low, as the streams, meandering on the broad flood- plains of 
the valleys, were doubtless much longer than the basins in 
which they flowed. 

/iaselerel No. Jf, The present valleys of the streams of 
northwestern Illinois are comparatively narrow, flat-bottomed 
troughs. The sides are frequently very steep, occasionally 
precipitous walls of bare rock. These bluffs vary from a hight 
of 80 feet in the lower Pecatonica valley to 250 feet along the 
Mississippi river. There are 200-foot bluffs along the Rock 
river between Grand de Tour and Oregon, but the stream is 
out of its old course and these bluffs are not preglacial, so that 
they do not affect the present discussion. The width of these 
valleys varies according to (a) the size of the stream flowing in 
them, (6) the nature of the rock excavated and (c) the depth 
of the gorge. The soft Cincinnati shales give broad valleys 
with gentle slopes; the Galena limestone permits much nar- 
rower valleys, with distinct bluffs and mural precipices: the 
Niagara limestone forms slightly narrower but otherwise sim- 
ilar valleys: and the St. Peter sandstone has much narrower 
gorge-like valleys, with steep bluffs but rarely precipitous 
cliffs. The moderately resistant ])roperties of the St. Peter 
sandstone in Illinois are finely illustrated in the Elk Horn 
<?reek valley in Ogle county, where a fault with a throw of 40 
feet crosses a small valley. On the upstream side of the fault 
the valley is excavated into Galena and Trenton limestones 
and is broad and open ; but, whert* the fault brings the St. 
Peter sandstone above the valley plain, it suddenly narrows 
to a gorge less than one-third as wide as it is above the fault. 
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The same difference is observed in the Peeatonica valley. 
Where it is excavated into the Galena limestone the valley is 
from one to two miles wide; but upon following it into Wis- 
consin onto the St. Peter sandstone terran^ it becomes a nar- 
row canon-like trench. 

It is chiefly to the depth of the gorges that they owe their 
width. In Stephenson county where the bluifs rarely exceed 80 
or 100 feet in hight, the valleys are comparatively broad and 
do not resemble gorges. The same system of valleys excavated 
into the same formation in Jo Daviess county, but to a depth 
twice as great, become narrow-canon-like troughs with many 
rocky precipices. 

The bottom of these rock troughs is far below the present 
water level. Well-sections in the preglacial valley of the 
Mississippi river at three places have reached the rock-floor of 
the valley at depths below the present low water level as fol- 
lows:* Dubuque, Iowa, 132 feet; Sabula, Iowa, 143 feet; 
and Fulton, 111., 101 feet. I have been unable to secure very 
satisfactory well-sections over the deeper portions of the val- 
leys within this district, but several near the south side of the 
Peeatonica valley at P^reeport penetrate to depths of 100 feet 
before reaching rock. Outside of the district but within a 
moderate distance from it. there are well-sections which indi- 
cate the rock-bottom of the ancient Rock-Illinois valley as 
follows :f On the border of lake Koshkonong, Wis., 330 feet 
below the Rock river; at Janesville, Wis., 250 feet below the 
same river; and in an abandoned channel at Princeton, 111., 
the rock surface is about 165 feet below the present water 
level. 

It is evident, from the above sections of wells on both sides 
of our district, that the rock-floor of the valleys is at least 
100 feet, and in the extreme northeastern portion possibly 
200 feet, below the alluvial plains of the present streams. I 
have found w4iat I believe to be evidence that the erosion of 
these caiion valleys was effected in two stages. The evidence 
consists chiefly of a rock shelf buried 20 feet under the river 
level at Freeport. A comparison of the topographic forms of 

♦From a table published bv F. Leverett, Journal of Geology, vol. in, 
No. 7. 
tChamberliu aod Salisbury, Sixth Annual Report, U. S. Geol. Survey^ 
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the portion of the valley above the flood-plain with that under 
it, so far as the latter can be determined by well-sections, 
indicates that the bluffs were formed during a cycle of erosion 
when the streams flowed at a level, at Freeport, 20 feet lower 
than the present water level. The existence of the rock-shelf 
at Freeport is undoubted, but in other portions of the district 
the evidence rests largely on the fact that, while the bluffs 
above the present stream level are frequently precipitous, their 
buried portion has often a moderate slope. Nor is this sloping 
basal portion of the bluff a talus, for the wells upon reaching 
it penetrate solid undisturbed rock strata. Now a perpen- 
dicular bluff in such a formation as the Galena limestone can 
only be produced by the undermining of its base by a stream. 
Hence, the base of the bluff' indicates the stream level during 
its formation, and the slope below belongs to a succeeding 
cycle of erosion. 

While the evidence of the existence of a rock-shelf a short 
distance below the present alluvial plains is not conclusive in 
the greater portion of the district, it appears to the writer to 
be so in the vicinity of Freeport. And as the rock-shelf at 
the latter place can hardly be an isolated phenomenon, it may 
be assumed that it is represented in some form or other and 
in some position throughout the district and probably far be- 
yond it. 

At the close of the cycle No. 4, what is now northwestern 
Illinois was a dissected gently rolling plain with topography 
essentially as now. As the valleys whose excavation was 
accomplished during this cycle were manj' times wider than 
the streams which flowed in them, it may be presumed that 
their base was a baselevel plane of erosion. The uplift which 
terminated cycle No. 3 was comparatively rapid so that the 
streams, quickly cutting down to the new baselevel, meandered 
on a gradually widening flood-plain, and, undermining the 
valley sides, produced the present bluffs. The preceding sys- 
tem of valleys — the broad basjns of cycle No. 3 — had no bluffs, 
although excavated into the same formation. While this cycle 
was undoubtedly several times as long as that which succeed- 
ed it, the strong contrast in the topographic forms produced 
is explainable under the supposition that the uplift during 
cycle No. 3 was slow and extended through practically the 
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entire period, while the uplift of cycle No. 4 was rapid and 
soon terminated, so that during the greater portion of the 
period the earth movement was quiescent. The canon-like 
characteristic of the erosion product of cycle No. 4 is an im- 
portant point to be remembered, as it will be of great value 
in correlating the different baselevels in different districts of 
the upper Mississippi basin. 

The position of the sea coast at the close of cycle No. 4 is 
unknown, but I will anticipate future studies sufficiently to 
consider an extension of its drainage system to a distance at 
least twice as great as formerly, and, in determining the alti- 
tude of the district at that time, will add, besides the 100 feet 
for the depth of the valley at Freeport, 300 feet on account of 
the increased length of the streams. In this way we obtain 
a maximum altitude for the "mounds" of 941 feet, and an 
altitude for the baselevel in the Pecatonica valley of 466 feet. 
The present altitude of baselevel No. 4 at Freeport is 720 feet, 
and, as the present water level is not materially different from 
its position at the close of cycle No. 4, it may be urged that 
our estimated altitudes are verv much too low. But the 
streams of the Mississippi basin are not on a perfect baselevel 
of erosion. They are depositing extensive alluvial plains, 
and so are the streams of the central Ozarks which are far 
above a baselevel. Our streams are capable of eroding at a 
greater depth than their flood-plains, and I consider the whole 
country above the head of the embayment region to be above 
a true erosion baselevel. So I do not think that 456 feet is 
much too low an estimate of the altitude of baselevel No. 4 in 
the Pecatonica valle}' at the end of the fourth cycle. 

Baselevel Xo. 5. This last of the preglacial cycles of erosion 
in our district was instituted by a renewed uplift and a revi- 
val of energv in the streams, which quickly trenched new val- 
leys or canons in the bottom of the former system. An abun- 
dant water supply being secured from glacial gravels in the 
vallej's, there is little inducement to send down wells to the 
rock-floor of the canons, (-onsequently, we know but little 
more about them than their existence, and also that they are 
usually bounded by slopes and rarely by perpendicular blurt's. 
In the few places where these slopes have been determined by 
studying them in relation to the depth it would seem that the 
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valleys are very narrow at the base. Indeed, there is no evi- 
dence that the streams had trenched their new canons to the 
new baselevel before the close of the cycle. 

The depth of the lower canons in the Pecatonica valley is 
probably not less than 200 feet. If we may judge from the 
imperfect data at hand, these valleys increased in depth to- 
ward the northeast. This seems to indicate a general tilting 
«f the district toward the southwest. As this district is but 
a small portion of a great geologic province, we may presume 
that this tilting was extended over a much larger area. May 
it not have proceeded from some point far northeast of our 
district, as, for instance, the Laurentian area of uplift? May 
it not have been a portion of the temporary uplift of the 
northeastern part of North America, to which the inaugura- 
tion of glacial conditions is by some considered to have been 
dueV 

The altitude of northwestern Illinois at the close of erosion 
cycle No. 5 is undeterminable at the present time. It is as- 
sumed that the sea coast was even farther distant than dur- 
ing the preceding cycle. An addition of 500 feet to our last 
estimate, or a maximum altitude of 1,441 feet, is probably not 
too much. The general upland surface would then be 1.200 
feet above the sea, and the water level about 900 feet. This 
would not be sufficient to bring on glacial conditions in our 
district, but it is assumed that the presence of an ice-sheet in 
northwestern Illinois was due to introduction from a more 
elevated area to the northeast. 

Type vSection. 

The conclusions expressed in the preceding pages may be 
summarized into the accompanying ideal section (figure 1)^ 
designed to illustrate the ancient baselevels developed in the 
vicinity of the city of Freeport. It will serve an important 
purpose in the matter of reference, and may be known as the 
Preeport baselevel section. It is exaggerated vertically, but is 
true to the impression which an examination of the topogra- 
phy of the area would make on the average student. 

A subject of considerable interest is the relative length of 
the several cycles of erosion here indicated. The solution of 
this problem is dependent on too many factors of unknown 
quality to give any present estimates much value. It is nee- 
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cesaary to know (n) whether the several uplifts were slow nr 
rapid and whether they occupied the entire cycle or only a 
small portion of it; (fr) the amount of average annual rain- 
fall in the district during the several periods; (c) the state 
of the vegetation and the climate: (d) the lines of drainage; 
(e) the resistant properties of the several formations eroded, 
etc. Ignoring all the factors excepting the amount of mater- 
ial removed and the evidences of age presented by the differ- 
ent topographic forms, the writer would consider the relative 
lengths of the several cycles abont as follows: Representing 
the last cycle by I, the upper caiion valleys would reqnire S, 
and the basins constituting the so-called peneplain No. 3 the 
figure 25, to indicate the ratio between them. Cycle No. 2. 
ending in the completion of peneplain No. 2, might be repre- 
sented by 200; and the first and probably most important 
■cycle, that which resulted in the formation of the supposed 
peneplain of the summit of the "mounds," might require a 
figure exceeding AOU. It is needless to add that these figures 
are mere guessei', liable to modilicatioii at any time. 
Correlation. 
It is not proposed to definitely correlate the buselevels of 
northwestern Illinois with the series developed and studied in 
other distant districts. Such correlation can be etfocted by 
direct tracing from one district to another, but in the Miss- 
issippi baHJn a ditficulty is encountered in the following facts : 
((() the several baselevela are so close in vertical distance 
that a very thorough study is required to distinguish them; 
(/') in passing away from the centers of uplift, the various 
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baselevels approach and at times merge into each other;* 
and (c) a large portion of the province has been glaciated so 
as to obscure the preglacial topography. But a few sugges- 
tions, as to what correlations are probable and apparently 
supported by present data, will not be out of place. 

During the past summer, Dr. H. B. Kiimmel, after a short 
study of the geomorphology of a portion of the Drif tless Area 
in Lafayette and Grant counties, Wisconsin (immediately 
adjoining our district on the north), published his conclusions 
about as follows if He recognizes a peneplain consisting of a 
" broad undulating upland, with an elevation of from 860 to 
1.000 feet;" a few '* monadnocks rising above it" and cul- 
minating in the Platte mounds, 1,250 to 1,300 feet above 
the sea; and a system of comparatively deep narrow valleys, 
trenched below the peneplain. These valleys, because of their 
being bounded by steep bluffs, surmounted by gentle slopes, 
he considers as the product of two cycles of erosion. *' The 
process by which the valleys are being formed is not a direct 
continuation of the process by which the gentle upland slopes 
were fashioned. The valleys were cut in the upland surface 
after it was elevated from the low position which it had dur- 
ing its formation." In these adjoining districts belonging to 
the same area of '* uplift," the correlation of the several base- 
level planes is easy and definite. Dr. KiimmePs peneplain is a 
continuation (without further uplift) of peneplain No. 2 in 
the more southern district. The Platte mounds belong to the 
same series as the monadnocks in Illinois. The gentle upper 
slopes of the valleys are equivalent to peneplain No. 3 in the 
Pecatonica basin ; and the narrow bluff-bound caiions are an 
undoubted continuation of the similar valleys in Illinois. 

The Cretaceous peneplain has been recognized in southern 
Arkansas by Mr. L. S. Griswold.J It emerges from under the 
Cretaceous formations as a gradually rising plain. ''Ata 

" ■ ' ' " — — ... ^ ^. . ■■._-■ ..1. - - ^ ^^.^^m 

♦This idea was first sup^gested to the writer by Mr. M. R. Campbell, 
who, in conjunction with C. W. Hayes, after a complete study of the 
geomorphologj' of the southern Appalachians, has traced the Cretace- 
ous peneplain in Tennessee and Kentucky, near the Ohio river, to a 
position only 200 feet above the Tertiary peneplain. They think it pro- 
bable that the Cretaceous peneplain merges into the Tertiary over a 
portion of the upper Mississippi and Ohio baipins. 

tScience, June 28, 1895, pp. 714-716. 

^Proceedings of the Boston Society of Natural History, vol. xxvi, 
author's edition. May 14, 1895. 
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distance of fifteen to twenty miles from the border, the plain 
ae such is no longer seen, but we have the projected position 
of the plain surfaee indicated by the uniformity in the eleva- 
tion of the crest lines of the ridges."" Unless some remark- 
able axis of deformation occupies the position of the Arkansas 
valley, this same peneplain is represented by the Boston 
mountains at an elevation of 2,000 feet above the sea. Thence 
it gradually slopes to the north, and in south central Missouri 
passes across the higher upland surface at an altitude varying 
between 1,350 and 1,500 feet. The Ozark plateau bears the 
same relation to the mountain svstem of central Arkansas as 
the Cumberland and Alleghany plateaus do to the Appalach- 
ians. From the valley of White river in southern Missouri to 
the so-called *' crest " of the Ozarks, the general upland sur- 
face is nearly level, but descends very slightly to the north 
against the prevailing direction of drainage. 

Beyond the "crest" the upland slopes rather rapidly toward 
the Missouri river; and there the Cretaceous peneplain has 
probably been largely destroyed. This is apparently true also 
on the eastern slope of the Ozark uplift. But from the axis 
of deformation of the Cretaceous peneplain to the Missouri, 
the two baselevel planes— elsewhere designated as Cretaceous 
and Tertiary — have been gradually converging and probably 
merge into each other along some line in northern Missouri. 
The upper peneplain being entirely destroyed throughout a 
large area surrounding the district in which they merge, the 
truth of this proposition can only be determined by the dis- 
covery of Cretaceous strata within this district near the same 
level at which the Tertiary peneplain appears. For the above 
reason, also, it is very difficult to locate the Cretaceous pene- 
plain in northwestern Illinois by direct tracing alone. We 
may follow one peneplain down to the level of a later one, on 
one side of the "merging" area; but we cannot say, with full 
confidence, that the peneplain which rises on the other side is 
strictly contemporaneous with it. 

Hayes and Campbell* have definitely located the (-retaceous 
peneplain in the southern Appalachians, and, tracing it west- 
ward across the Cumberland plateau, they find it represented 

*G©omorphology of the Southern Appalachians, National Geographic 
Magazine, vol. vi, pp. -63 120. 
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by isolated outliers of the latter in central Tennessee and 
Kentucky, at levels which would bring it down to about 1,000 
feet above the sea at Louisville, Kentucky, or only 200 feet 
higher than the Tertiary peneplain at the same place. It is 
evident that the central Mississippi basin is an area of de- 
pression. The Illinois coal basin has been an area inclined to 
depression, while contiguous districts were being uplifted, 
since the early part of the Silurian period; and an examina- 
tion of good topographic maps will bring to light the fact 
that central and southern Illinois are now depressed somewhat 
below the surrounding areas of so-called structural *'uplift," 
causing its upland surface to be apparently continuous with 
that of the lower Mississippi region without any marked de- 
formation along the line of junction. Consequently it is not 
improbable that, over a very large portion of the Illinois de- 
pression, the plane of the Cretaceous peneplain does not ma- 
terially differ from the baselevel plane of the Tertiary era.* 

Now the peneplain which is apparently represented by the 
summit level of the "mounds" of northwestern Illinois, south- 
ern Wisconsin, and eastern Iowa, descends toward the south 
at a rate which would take it below peneplain No. 2 on the 
southern side of the Rock river. As its elevation in our dis- 
trict was apparently due entirely to an uplift proceeding out- 
ward from some point in southern Wisconsin, we may assume 
that the coincidence between peneplains Nos. 1 and 2, in cen- 
tral Illinois, needs no further proof. In this connection it 
may be interesting to learn that Leverett and Salisbury have 
found sands and gravels apparently in situ in Adams and 
Hancock counties, Illinois, which they are inclined to regard 
as a Cretaceous formation on account of the large numbers of 
sharks' teeth and other fossils of a Cretaceous facies which 
occur in the drift of that vicinity. 

Considering all the evidence in its proper bearings, it would 
appear that the Cretaceous peneplain, descending to the level 
of the Tertiary peneplain on the southern side of the Illinois 
depression, again rises above it on the southern slope of the 
Wisconsin uplift as peneplain No. 1 of the Freeport section, 
represented by the summit plane of the monadnocks of the 
district. 

♦This hypothepis was first suggested t^) the writer in correspondence 
with Mr. Frank Leverett. 
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To completely demonstrate the age of peneplain No. 1, it 
will be necessary to trace it westward to the edge of the Cre- 
taceous strata in northern Iowa. But it has been mainly 
destroyed west of the plateau bounded by the "Niagara 
escarpment " in northeastern Iowa, and the country is so 
heavily drift-covered that the preglacial topography is some- 
what obscure. Close to the village of Rockville, in Delaware 
county, McGee describes* a conglomerate formation resting 
on the Niagara limestone and overlain by drift, and he corre- 
lates it. largely on lithologic evidence, with certain Cretaceous 
outliers in southeastern Minnesota. After considering the 
evidence, he says: "On the whole it is safe to provisionally 
refer the Rockville conglomerate to the Cretaceous, and to 
more doubtfully correlate it with the Nishnabotany sandstone 
of southwestern Iowa, and (at least approximately) with the 
Fort Dodge gypsum of western central Iowa." Unfortunately, 
it has as yet yielded no fossils, so that its Oetaceous age is 
not positively proven. However, if it is a marine formation, 
its high position precludes the probability of its being a Car- 
boniferous or Devonian outlier; and the absence, so far as 
known, of a Tertiary sea in Iowa woul(^ seem to support its 
Cretaceous age. In regard to its position, McGee further 
says : " It crowns one of the salients separated by the nar- 
row gorge of the North Maquoketa from the Niagara upland 
which extends thence nearly to the Mississippi river." Its 
altitude is too great for peneplain No. 2. but it appears to 
bear such a relation to peneplain No. 1 that they may be cor- 
related with each other in a general way. 

In southeastern Minnesota undoubted marine ('retaceous 
deposits occur at levels varying between the 1,000 and 1,150 
foot levels. This is in a district not very distant from the 
area occupied by the "mounds," and unless there has been a 
very great uplift of the Cretaceous baselevel in the district 
adjoining, on the southeast, that in which these Cretaceous 
outliers are found, we may expect to find this peneplain over 
the Driftless Area, — if any remnants of it exist, — at about 
the level of the summit plane of the " mounds." In short, all 
the evidence, although fragmentary, seems to lead us to the 
following conclusions: {<i) if there is a baselevel plain of ero- 

*Eleventh Annual Report, U. S. G n^logical Survey, Part i, p. 334. 
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sion, of Cretaceous age, traceable over the gouthern end of the 
Driftless Area, it is probably not elevated much if any above 
the summit plane of the ** mounds; " (h) this summit plane 
appears to represent an uplifted and eroded peneplain; (c) 
this peneplain answers all the conditions of a nearly destroyed 
Cretaceous peneplain. In the absence of evidence to the con- 
trary we will therefore provisionally correlate peneplain No. 
1 of the Freeport section with the widely extended Cretaceous 
peneplain of the Appalachian and Ozark regions. 

In working out the correlation of peneplain No. 2 we are 
confronted with one important fact, namely, that baselevels 
Nos. 2 and 8 approach and perhaps merge into each other 
throughout a large portion of the central Mississippi basin. 
Moreover, as the No. !2 peneplain has been largely destroyed 
around the eastern and southern borders of our district, it is 
difUcult to say with certainty on which peneplain we stand 
when on an upland surface in the country south of Rock river. 
It is believed, however, that peneplain No. 2 is represent-ed by 
all the higher rock surfaces throughout central and southern 
Illinois at an average altitude of about 700 feet above the sea. 
This upland surface, if continued into northeastern Missouri, 
rises to between SOO and 900 feet above the sea level. It is 
apparent!}^ the same plane which passes across the Meramec 
highlands west of St. Louis; and, unless I mistake, it pene- 
trates the Ozarks in long, narrow basins, which in the central 
portions of the plateau attain an altitude of 1,000 and 1,100 
feet above the sea. It is there overlain by an ancient river 
deposit whose lithologic resemblance to the Lafayette forma- 
tion, as develoi>ed at the inner border of the coastal plain, is 
very striking.* 

Hayes and Campbell recognize the Tertiary peneplain in 
western central Kentucky at an altitude of about 800 feet 
above the sea. At an equal distance north of the Ohio river, 
in southern Indiana, the general upland surface has about the 
same altitude. This Indiana upland plain is apparently con- 
tinuous, through central Illinois, with peneplain No. 2 of the 
Freeport section. 

Our conclusions as to the age of peneplain No. 2 in north- 
western Illinois are as follows: {n) the presence on the pene- 

♦American Geologist, vol. xvi, December, 1895. 
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plain of re«9idua of coiieiderablo size but composed of no spe- 
ci»Ily resistant strata, and the compuratively fluiall amount of 
subsequent erosion, make it evident that its age is not Creta- 
ceous or earlier; (6) the amount of erosion accompligfaed in 
the diBtrict subsequent to the uplift of baselevel No. 2, as 
compared with that of other districts in which the age of the 
)>eneplains and valleys lias been determined, makes it equally 
evident that this peneplain is not so young as the Quaternary 
era, and that, consequently, it is a Tertiary peneplain ; (c) 
from its apparent continuity across the central Mississippi 
basin H> the undoubted Tertiary peneplain in Tennessee, it 
may be provipionally correlated with the latter. 

The baselevel indicated by peneplain No. 8 of the Freeport 
section, although widely extended through the DHftless Area, 
is probably limited, as an important originator of topographic 
forms, to the vicinity of the "uplifts." This very imperfectly 
developed |>ehep1ain may also have been due to a local uplift 
of the upper Mifisi6si|)pi region. It was preliminary to the 
general uplift of Ihe continent which instituted the Quater- 
nary era, and 1 would class it as late Tertiary. 

The correlation of the eaiion-like valleys is the least dilH- 
ciilt of all. They belong to a cycle which was characterized 
by the formation of l)lutt'6. This peculiarily of the immediate 
valleys of the streams throughout the central Mississippi basin 
is one of the first features to attract the attention of the vis- 
itor. We may leave our district in the valley of the Missis- 
sippi and follow its blutt's (through the preglacial valleys 
around the new gorges at Rock Island and at Keokuk) down 
the river to the embayinent region. The surface line of the 
bluifs makes no abrupt changes in hight. and there can be no 
question of the synchronism of all the valleys of this elass In 
Illinois and contiguous states. At the head of the embaynient 
region our canon valleys pass under the Lafayolle plane. 
Across southern Illinois we can trace the same system of val- 
leys to the Ohio. On the southern side of this stream, in 
Kentucky, they are found to pass under the well established 
Tertiary peneplain, Hayes and Campbell find the Lafayette 
formation, nrouiid the borders of the southern Appalachian 
province, resting on tlu' Tertiary peneplain. If uur uttcmplfil 
corrfliition of Imwelevel No. i in northwestern Illinois with ihe 
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widely extended Tertiary peneplain of the Appalachian prov- 
ince be correct, the Lafayette plane would belong in the for- 
mer district at the level of the higher upland ridges constitu- 
ting peneplain No. 2. There would then intervene, between 
the Lafayette period and the time of canon valley erosion, a 
considerable length of time represented by the excavation of 
the broad basins of northwestern Illinois. It is possible that 
erosion cycle No. 3 in our district is the time equivalent of 
the deposition of the Lafayette formation in more southern 
districts. It is also possible that its products in 4:he southern 
Appalachian and Ozark provinces are topographic forms of so 
little importance that the existence of this as a distinct base- 
level of erosion has not yet been recognized. Because of the 
above doubts I would locate the Lafayette plane in north- 
western Illinois as probably equivalent to peneplain No. 2, or 
possibly to No. 3. In either case the canon valleys are post- 
Lafayette and may properly be classed as Quaternary in age. 
The buried valleys constituting the product of cycle No. 5 
are not indicated beyond this district except in a few widely 
separated localities. Mr. Frank Leverett, in securing well- 
sections along the Mississippi valley, encountered evidences 
of a buried rock-shelf.* He says: ** In places a preglaeial val- 
ley is found to carry shelves of considerable breadth, now con- 
cealed beneath the present valley bottom. Thus at Quiney 
and St. Louis a rock shelf extends entirely across the present 
bed of the Mississippi, with an altitude 60 feet or more above 
the deeper portion of the valley. * * * * It is probable 
that such shelves as these are remnants of an old valley floor. 
Their full. breadth is not known, hence we cannot judge 
whether they are mere fringes on the border of the deep chan- 
nel or are of such breadth as to greatly reduce the width of 
the deep channel." While we cannot completely demonstrate 
the synchronism of these Mississippi rock-shelves and those 
in our district, the valleys which are trenched below their sur- 
face may be correlated in a general way; for it is evident 
that the termination of preglaeial erosion was practically con- 
temporaneous throughout the central Mississippi basin. The 
first effect of the advent of an ice-sheet in northwestern Illi- 
aoi6 was to depress the area and cause h silting up of the 

instances even above the present water-level. 

, vol. Ill, Number 7, p. 7(32. 
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In the PecMtonica basin the buried portion of the valleys is 
tilled mainly with a blue dilt of glacial derivation. The var- 
ions members of the Kansan drift sheet rest upon this " buried 
loess," demonstrating the pre-Knnsan age of the lower gorges. 
Henue they may be considered to represent a i^epnrate epoch 
of the Pleistocene period. 

Northeastern Illinois ie a heavily drift-covered region, and 
has an average altitude considerably less than the northwest- 
ern portion of the state. Many of the streams are out of their 
preglacial courses; and the writer would not venture to trace 
the various baselevels of the Kreeport section into that dis- 
trict. Peneplain No. 2 may be represented by the general rock 
surface in Boone, McHcnry, DeKalb, and Kane counties, at an 
average altitude of 700 feet. This portion of the state is de- 
pressed below its normal altitude as the lingering elfect of 
the weight of the last great ice-sheet which has melted from 
it in comparatively recent times. 

This discussion has developed several important inferences. 
It is only quite recently that the hypothesis was seriously en- 
tertained that the Kansan drift and the Lafayette formation 
were contemporaneous in deposition. Beeause of its liearing 
on this question it is exceedingly important that the position 
of the Lafayette plane in the upper Mississippi basin be com- 
pletely demonstrated ; for, if the preceding correlations are 
correct, the Lafayette period and the Kansan epoch were sep- 
arated by at least one and probablj' two epochs of marked 
erosion. The second inference is that the pre-Kansan portion 
()f the Quaternary era was at least several times as long as the 
remainder of it, considering the era to have begun at the time 
of the culmination of the first post- Lafayette uplift in the 
coastal plain. The third inference is that practically the 
whole of the true valleys of the state of Illinois (excluding 
basins in the northwestern corner and new rock-gorges of 
post-Kansan age) are early Quaternary in age. 

All the preceding correlations are provieional and intended 
more as suggestions than as definite facta. It is only quit« 
recently that the writer made the mistake of comparing a se- 
ries of supposed Tertiary valleys in northwestern Illinois with 
valleys of an apparenily I'or responding series in the Ozark 
plateau region of southern Missouri.* It now appears that i 
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the former are the result of a later cycle of eroHion, and that 
the apparent equalit)^ in size is due to a diti'erence in resistant 
properties of the rock formations excavated. The hard cherty 
Lower Carboniferous limestones of southern Missouri will re- 
sist the erosive power of the streams several times as well as 
will the rather soft (hilena limestone. The habit of the latter 
to stand in perpendicular bluffs is deceptive, and to determine 
the true relation between their resistant properties they should 
be studied in contiguous areas. 

Origis of Drainage Lines. 

The problem of determining the (»rigin <»f the preglacial 
courses of the streams in northwestern Illinois is too complex 
for the present paper. I will advance, without argument, a 
few propositions in regard to it. 

When northwestern Illinois emerged from the sea near the 
close of the Paleozoic era, the drainage lines were consequent 
on the structure. By the close of cycle No. 1, a complete re- 
adjustment had been brought about, placing the divides in 
the position of the synclinal axes. During the second erosion 
cycle the streams, revived by an uplift, trenched valleys to 
the new baselevel, and cut away the divides, almost complet- 
ing a perfect peneplain. At the close of this cycle the divides 
were still over the synclinal troughs, and the drainage systems 
corresponded in a general way with the present (the Missis- 
sippi river being a probable exception). During another re- 
vival of erosive energy, the basins constituting the so-called 
third i)eneplain were excavated. At the close of this cycle, 
the streams had cut down into the r(»ck-bed of their channels, 
and had trenched new valleys, in some instances in meander- 
ing courses, but in the greater portion of our district compar- 
atively straight. The Pecatonica valley from Freeport to its 
mouth is a good example of tlie latter class. This portion of 
the valley is thirty miles long, averages between one and two 
miles in width, and is so straight that a line drawn through 
it would scarcely toucli a bluif. Its position seems to be con- 
trolled by a monoclinal axis, or possibly by a fault. All the 
•mailer streams of the district endeavor to follow the axes of 
anticlinal folds as closely as possible. Moreover, as the basins 
peraiitently follow these same lines, this habit was acquired 
an peneplain No. 2 (Tertiary?). 
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The ancient Kork-Illinnis rivtr was probably tlio largest 
originul Rtreum in the iiren nf the present state of Illinois. It 
oI))i({iieh- oroBsed the (irand de Tdiir-La Snlle axis of uplift, 
and perhaps [x^rsisted from the first cycle. It was the only 
stream of oiir district that did cross this axis, which is etill a 
prominent divide: aitd it is the only important exception to 
the nile of anticlinal drainage lines. The streams have cut 
hack across the axis^, some on one side and some on the other, 
so that the watershed does not exactly coincide with the axis 
of uplift. 

In conclusion, I wish to add a few suggestions in regard to 
the age of the Mississippi river along the western tjoiindary 
uf onr district. It is i>robably a comparatively recent creation. 
The origin of its present general course cannot be earlier than 
the Tertiarj- era. If any stream comparable in size with the 
present Mississippi flowed south across or close ti> the district 
during pre-(,'retaeeous time, it must have been captured by 
the headwaters of smaller streams flowing into the Cretaceous 
sea a few score miles west of the present course : for the strong 
tilling of the peneplain along the coastal portion. riMfUisite to 
give the necessary drainage gradient of a stream Mowing into 
the head of the Mississippi emliaymenl, wnnM give the small 
coastal streams so great an advantage over the larger stream 
that they could not fail to cut back into its basin and to cap- 
ture it in a short time. Moreover, the distribution of the 
Cretaceous deposits indicates an inciirsion of the Cretaceous 
sea from the west as far as to the Mississippi river in south- 
eastern Minnesota and. perhaps, beyond to .Vdatns and Han- 
cock counti<s. Illinois. I'lidoubtedly the Cretaceous drainage 
of the n|ii>er Mississippi region was mainly westward. 

I am, further, inclined to the opinion that the Mississipgii 
river did not How in its present course across the area oei'U|)icd 
by the "mounds'" until near the close of the Tertiary era. 
Had a stream so large as the present Mississippi baseleveled 
the district along the jireseni course, it should have more com- 
pletely destroyed peneplain No. 1 in its vicinity. The present 
river passes the chain of "mounds" in a gap scarcely half a 
doxeu miles wide. Uesiduals are gi-nernlly found aw«y fmm 
the main lin.'s of drainage. In fact, if peneplain No. 1 ie Cl 
taceoiis in age, the presi-rvation of any remnants of it in t.b| 
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district is remarkable, and is explainable only on the suppo- 
sition that they were far distant from the main lines of drain- 
age. Those who are engaged in a special study of the Missouri 
region frequently express the opinion that the great elevation 
of the western half of the Mississippi basin was delayed until 
well on toward the end of the Tertiary era. The upper Mis- 
sissippi may well have flowed in some other course during this 
cycle. 

The comparative recency of the origin of the present Mis- 
sissippi may further be inferred from the narrowness of the 
upper trough or basin of the age of baselevel No. H in the 
Freeport section. Very small creeks in the central portion of 
the district have eroded basins in Galena limestone which are 
rarely less than a mile in width. The Pecatonica river above 
Freeport excavated a basin three miles wide in the same for- 
mation. The ancient Rock-Illinois river, in crossing the Ga- 
lena terrane, baseleveled an area at least several times as wide 
as the last. On this principle of valleys being proportional 
to the size of the streams, so large a river as the MiKsissippi 
(all other conditions being ecjual) should have completed a 
basin at the very least lifty miles wide. Instead, through a 
large portion of the stream's course, where it crosses the Ga- 
lena terrane. the baselevel No. l] is undistinguishable by means 
of the topographic forms. At Dubucpie the valley is a canon 
about one mile in width and 250 feet in dej)th, reaching nearly 
to the general upland surface. If the basin of erosion cycle 
No. 3 is at all represented here, it must be by a lOO-foot slope 
at the top of the precipitous blulf on the east side of the river. 
Again, in tracing the u])per trough or basin of Carroll creek 
to the Mississippi river, baselevel No. iJ is found well defined 
all the way: but it cannot be located, without a close study, 
in the neighboring canon of the great river. In short, the 
weight of evidence tends to prove that no large stream occu- 
pied the position of the present Mississippi on the western 
border of our district during cycle No. 8. But the canon val- 
ley is of the proper size for a large river (alth(»ugh it does 
seem to be rather narrow at places, as at I)ubu(iue), and it 
may have been excavated by the Mississippi in its present 
•iie. This is a very complex subject and will require much 
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additional work before any definite conclusions can be estab- 
lished. However, we may infer from the present data, that 
at or near the close of the Tertiary era there was a radical 
rearrangement of the stream courses of this portion of the 
continent. The problem of the Tertiary lines of drainage in 
the upper Mississippi basin is one of great interest and it 
awaits only future researches for its solution. 



NOTE ON THE FORMATION OF GOLD ORE. 

By K. v<>\ Kraatz.* Traiislato<i by H. V. Winchell. 

In spite of the many revelations made by gold mining in 
the last fifty years and in spite of the tremendous practical 
interests that are continually leading to new searches for the 
sources of gold, we are still but poorly informed as to the 
origin of this noble metal and the conditions governing its 
deposition. It is true the secondary occurrences in river 
sands and in the so-called placers [Seifviujehirgn) are ex- 
plained without difficulty, although even here widely different 
theories are expressed on one point, viz., the explanation of 
the occurrence of nuggets and the suj)posed rer»nrichment of 
gold sands that have been already worked out. It will be 
readily admitted that large gold nuggets cannot be trans- 
ported by the floating (»r rolling action of water; and most 
geologists have believed until recently that they are found too 
seldom in th«» solid quartz to account for th(»se found in the 
alluvions. Hut since more careful observations, like those of 
Howitt in Australia, have been made upon the occurrence of 
nuggets embedded in rockj it is known that ])iec<v'i are found 
in (juartz (more widely scattered to be sure) of erjual size with 
those of the S(»condary dep(»sits; and hence the size of placer 
nuggets no longer compels us to accei)t the theory of solution 
and reprecipitation of the gold. We have, therefore, to deal 
with transportation of the larger masses and the supposed 
recharging with gold. 

Now it is certainly not an unjustified assuin])tion for us to 
conclude that the gold nuggets did not grow as we now find 



♦Zeitschrift Mr praktisclic (Jcolo^ic, May. IHlKi. Kxtract from the 
Vorhan(.llun^'<*n (le^^ NaturhiHt, M«m1. VcnMiiH zu Hi'idolber^, N. F. V. 
Bd. 4 Heft. Carl Winter's UnivcrrtitatHbin'hhandlunj,' in Heidelberg. 

+The n<*\vly diHcoviM-rd ^'old ficklH of Cool^ardie in southwestern Aus- 
tralia have alst) yioldfd a c*unsid<*ral)l<' number of nu^jjets. 
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them, but that together with the assoulhted quartz they were 
rolled to their present positions in riverbeds. Enclosed in an 
equal bulk of lighter rock the transportation of the metal 
would be much more easily accomplished. As fen* the supposed 
reenrichmeut of washed-over gravels, this is only- reported in 
districts like the Urals and the older California work4n^^ where 
the methods were crude and only perhaps 50 per cent, of the 
gold was saved originally. It would not be surprising if-in 
8uch localities the gold particles, by reason of their high ^>^e- 
<5ific gravity, should again be collected at the same level by 
<5irculating waters, and thus (in the Urals after a period of 
about 26 years) make possible, with improved methods of 
working, another exploitation of the old ground. One fact, 
however, is worthy of note : small, well-formed, sharp-angled 
crystals of gold are frequently noticed, and for these the the- 
ory of formation in the places whore they are found seems the 
most natural. 

From the statements just made it is plain that we can by 
no means prove that gold cannot be dissolved and redeposited 
in secondary deposits. But I intended to suggest that al- 
though the theory of eheniical formation may not be satisfac- 
tory for ordinary secondary deposits, yet the occurrence of 
large nuggets is susceptible of ready explanation. In pri- 
mary deposits it is quite another matter. To what extent we 
are obliged to accept the theory of deposition from solution I 
will endeavor to show in the following paragraphs. 

If we wish to acquire a correct apprehension of the condi- 
tions governing the deposition of gold we must, first of all, 
consider its paragenesis. Henry Louis has with great care 
described all the minerals with which gold is associated. Al- 
though their number is considerable, the number of those 
which can be looked upon as characteristic and universal as- 
fsociates of gold is quite limited.* Among these the most 
prevalent are <[uartz and the commonest sulphids, such as py- 
rite, chalcopyrite, galenite, zinc blende and stibnite. Of these 
latter, pyrite takt*s the first ])lace by reason of its wide distri- 
bution and its constmt presence where gold is found. We 
«hall now endeavor to account for the common occurrence and 



*"0n the M(Hle of Occurrence of (ioltl," Miu. Maq,. vol. x. No. 47, 
pp. 241-247. See also Zvii. /. pntkt. (hu^L, WM, ]>. ',m\ 1895, i>. 84. 
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the essentially genetioTt^lationship of the mineral combina- 
tion, gold, ([uartz/ifj5.byrite. 

• • • * 

Since it is only. ih. fa re instances that we find gold enclosed 
in eruptive ro&ks,* and even then serious doubts are enter- 
tained «8/f<j**its'l)eing an original constituent, we must exam- 
ine inCff.^fb^ natural solutions from which the metal may 
crys^aUiee or be precipitated. 

•^ *.0/iV solvent which universally contains gold is sea water. 
Thft gold content which Sonnstadt detectecl by various means 
is, however, only found (lualitatively and in such minute 
quantity that solution in sea water cannot serve as a general 
explanation of the deposition of gold. We should also, in the 
light of the theory, expect to find gold as an original constit- 
uent of marine sediments, contrary to the actual facts. Nev- 
ertheless, it is quite conclusively demonstrated that gold may 
be separated from solutions in which it apparently occurs as 
a chlorid. 

K. Johansson demonstrated in a paper **0m Ryssland malm- 
tyllgangar och dess Berghantering," that the gold of the 
Uralitic veins at Beresowsk may be secondarily crystallized 
out of solution. He writes: *' With quartz we find pyrite, 
which by oxidation becomes limonite; and as subordinate 
minerals we have copper sulphid, galenite, cerussite. pyromor- 
phite, etc. The gold seems to be principally contained in the 
pyrite and limonite and amounts to as much as 200g per ton. 
The gold content becomes less as depth increases, a circum- 
stance which indicates that it may be of secondary origin. 
The presence of chlorine-bearing pyromorphite among the 
gang minerals is also an evidence of secondary deposition. It 
is supposed that the gold was introduced into the vein in the 
form of chlorid, a supposition that is warranted by the high 
content of pyrite, since this mineral precipitates metallic gold 
from its chlorine solution, as may be readily shown by exper- 
iment. 

In his experiments Johansson used a funnel whose stem was 
filled with (juartz fragments whicii were covered over with 

♦The only instance of the kind with which I am familiar is described 
by Morickc. But he also mcutions the associatitm of the gold with py- 
rite and thinks that the former was originally native in liparite and 
later becrame attached to the pvrite. Zcit. f. pnik't. (jfeol.y 1893, pp. 
143, 144. 
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grains of pyrite. Solutions of different strengths from 
Innou to KKomo were filtered through the pyrife. The filtrate 
showed no trace of gold by the tin chloride te«t (purple of 
Cassius test).* At my request Dr. F. Stockhausen repeated 
Johansson's experiment, with a similar result. He also found 
that lead, copper and antimon\' sulphids precipitate metallic 
gold from a solution of sodium auro-chlorate. That Johans- 
son's discovery of this method of the precipitation of gold 
from its chlorine solution has a direct bearing upon its occur- 
rence in ores of various localises is suggested by its paragen- 
esis with chlorine-bearing pj'romorphite in Wales, with 
chloridic mimetite of Nevada and chloridic vanadinite at Ber- 
josowsk. But however simple this explanation of the deposi- 
tion of gold by pyritic precipitation from its chlorine solutions 
may be, it is not applicable to the majority of cases. For 
frequently the chloridic minerals are wanting, and moreover 
the gold content of the rocks does not always decrease rapidly 
in depth, but very often remains practically constant to con- 
siderable depths. Here then we are obliged to turn for an 
explanation to quartz, the invariable associate of gold. 

Highly siliceous waters are found to-day in geysers and hot 
springs of North America. G. F. Becker investigated the hot 
springs of California with special reference to their content 
of dissolved metals. As described by him, the geysers of 
Steamboat Valley, Nevada, which are situated 11 km. north- 
westerly from Virginia City, at an altitude of l,r>t>0 meters A. 
T., arise from a gray, coarse-grained, bioiite hornblende gran- 
ite which is penetrated by fissures and overlain by andesytes 
and basalts. One seri«'s of fissures is filled by boiling, feebly al- 
kaline water that is sometimes thrown out in jets three or four 
feet high accompanied by a roaring noise. Another series of 
fissures which nr>w exhale onlv steam with carbonic and sul- 
phurous acids, has, lik<' the first series, covered its walls with 
hyalite, chalcedony and crystalline quartz. In the siliceous 
sinter and decomposed granite are found sulphur, sulphates, 
iron oxides, cinnabar, manganese and tra<*es of zinc, cobalt 
and nickel. In 40Hg *){ sinter th«' following were det<'rmined :f 

**' Mflndliche Mitth^ilunK." bv K. JohaiiHson. 

tEighth An. R<-ii. LT. S. ih^iA. Sur. 1889, pp. JW-O, IKh: «*<• mIho J. Koth, 
Chem. Gf»c>lc*:i(*. Vol. III. p. 'Mi. 
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AntimoDy and arseDie sulphidfl 78.0308g 

Oxide of iron 3.5924 

Galenite 0.072U 

Cinnabar 0.0070 

Gold 0-0034 

Silver 0.0012 

That the gold was undoubtedly deposited by the hot waters 
was shown by the fact that in 15 pounds of decomposed gran- 
ite arsenic, antimony, lead and copper were detected, but no 
mercury or gold. In what form the gold was held in solution 
was not ascertained, and a physical condition is as likely as 
a chemical one. 

The hot springs of Nevada are the last manifestations of 
an eruptive era that has not long since ceased. If we look 
around for eruptive rocks in the famous gold districts we find 
that the principal gold fields of California, Australia and 
South Africa are cut in all directions by dykes of eruptive 
rocks of the dioryte and diabase group. Tlie inference is not 
far to seek, that gold was present in the siliceous waters which 
accompanied the eruption of these as well as other deep- 
seated or surface flows, and that it was precipitated in the 
adjacent rocks by the agency of sulphids which already ex- 
isted there or were sublimed by the eruptions. This hypothe- 
sis seems to be in harmony with the geological relations of 
the better known gold districts. 

In recent times the Wifwatersrand has become familiar to 
us through the works of Schenk and Molengraaf and the thor- 
ough investigation of Schmeisser. In what follows I have for 
the most part made use of Schmeisser's description. 

In South Africa we can distinguish two varieties of gold 
deposits: The gold-bearing quartz veins and the auriferous 
conglomerates. The quartz veins belong for the most part to 
the 8teej)ly folded Swazi formation which has been highly 
metumorpii().«ed by erupt! ves. The characteristics of these 
veins in different districts may be summed up as follows: 
The (|uartz veins an* principally genuine bedded veins. They 
are numerously cut by greenstone dykes, chiefly of dioryte, 
which are also sometimes found to have a course parallel to 
the veins. Besides p»ld, pyrite is almost always present, but 
has very often been largely altered into limonite and iron 
ocher. S(»nie veins contain large amounts of gold at the (» \ t 
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set, but deteriorate? rapidly in depth. As a result of the rot- 
ting of the pyrites, brown an<i black veins are eommon. One 
vein is rich in stibnite, which carries gold in the form of 
coarse lenticular grains. Where the antimony mineral is de- 
cayed the native gold is found embedded in the yellow 
antimony oxide. Occasionally the gold is found in the bor- 
ders of intrusive dykes. The veins which occur in the granite 
(underlying the Swazi formation) decrease rapidly in gold 
content as depth increases, even though they may be very 
rich near the surface. 

Auriferous conglomerates are characteristic of the Cape 
formation, which rests unconformably upon the Swazi beds. 
The conglomerate strata carry a variable quantity of gold. 
They consist essentially of quartz i)ebbles which are held to- 
gether by a siliceous cement. The gold is found almost wholly 
between the pebbles. When it occurs in them it seems to have 
been squeezed into small crevices. The greenish gra}' matrix 
that binds the pebbles together shows macroscopically pyrite 
and small quartz fragments, with occasionally some chlorite. 
Gold is seldom visible to the unaided eye: but it is also a 
rare thing to see gold in the matrix under the microscope. 
Dr. Koch found that pyrite, magnetite, zircon, rutile, musco- 
vite, chlorite, secondary quartz and j^old constitute the ce- 
menting matrix. The pyrite is usually rolled or rounded and 
seldom occurs in the usual combinations, oc 02 (210), oo (210) 
(100) or (111). Dr. Koch determined and I can corrobo- 
rate it, that the gold is always later than the pyrite and 
nearly always united with or completely grown around the 
latter. Since gold in small quantity is not always easily dis- 
tinguished from the sulphids, a larger (juantity of the so-called 
concentrates,* i. o. the pyrite liberated by the stamps, was 
examined. Under the microscope are seen numerous small 
crystals, which are partly recognizable as (juartz and partly' 
as small gold crystallites. If tiie pyrite be now digested for 
several hours in a very dilute solution of potassium cyanide 
the small metallic crystals disappear and in their places re- 
main only small irregular shaped cavities. Since pyrite which 
contains no gold is not attacked, even by 24 hours of treat- 
ment with the same potassium cyanide soluticm, the micro- 

♦Furnishtrd bv Dr. Hrtsslor of Frankfurt a. M. 
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people cryptals seen on the surface of the pyrite must be gold. 
This method of treatment is the same as that which plays 
such an important role in the cyanide process as practiced in 
the Witwatersrand. The chemical examination thus leads to 
the same conclusion as the microscopical ; the gold is depos- 
ited on the pyrite and is of later origin. Since pyrite precip- 
itates gold quantitatively from almost all its solutions it is 
natural to reason as follows regarding the auriferous con- 
glomerate: Beds of pebbles composed of quartz and small 
pyrites crystals were involved in percolating siliceous waters 
earr^Mng gold in solution. The gold was precipitated by the 
pyrite and deposited upon it. The occurrence of gold in the 
absence of pyrite, which might have precipitated it, may be 
explained by assuming the presence of a small amount of 
easily soluble ferrous sulphate, which has also the power of 
precipitating gold from its solutions. f 

The source of the auriferous solutions remains to be ex- 
plained. It is well known that the advent of acid eruptives 
is always accompanied by silica-bearing waters which have in 
many cases extensively silicified the rocks through which they 
passed. That such solutions can carry metals is proven by 
the numerous contact veins and ore deposits with which we 
are familiar. And that they sometimes carry gold was shown 
above by reference to the gold content of geyser deposits. 

Now the schist complex of the Swazi formation as well as 
the ('ape formation is cut by^ numerous dykes which are some- 
times HO meters in thickness. A number of these dykes have 
been studied microscopically by Dr. Koch. He distinguished 
among them (juartz hornblende dioryte, quartz diabase, quartz 
prot^jrobase (three dykes), quartz enstatite or bronzite ensta- 
tite, olivine diabase, olivine norite and tholeite. Faults and 
overthrusts are not uncommon in the whole gold producing 
area. 

It is certainly not by chance that rocks of the dioryte group 
occur in close* relation with gold districts in regions far re- 

*It phouUl not bo forj^otten that j?old occurs in (luartz unassociatod 
with pyrito. In that case \\v can only explain its prcw^nce by dilution 
of the original solution and precipitation of the jxold. In most casep, 
however, pyrite was originally present, as is shown by the hexahedral 
cavities or by th<' hrown stain on the quartz from which the pyrite has 
been removed by decomponition and solution. 
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moved from each other, and it is, on the other hand, altogether 
likely that it is this very class of rocks whose presence serves 
as the invariable associate and raison ff^efre of gold deposits. 
In Australia Howitt in particular has shown the intimate 
connection between the auriferous (quartz veins of Swift's 
creek and certain dioryte eruptives.* At that locality the 
auriferous quartz veins occur at the contact of dioryte and 
schists, aid Howitt explains their formation as a phenomenon 
accompanying the dioryte eruption. Similar conditions obtain 
in the newly discovered gold fields of ( -oolgardie, near Perth, 
as I am informed by Dr. Chas. ( -hewings. The gold-bearing 
formation is fissured by numerous eruptive rocks, among which 
porphyry and dioryte dj'kes predominate, and practical ex- 
perience has shown that richness in gold depends upon proxi- 
mity to the eruptive masses. In the Urals, also, as 1 am told 
by Prof. Futterer, the presence of gold depends upon the 
occurrence of eruptive rocks and tectonic disturbances. 

We may perhaps look upon the auriferous character of 
rocks which are associated with dioryte as analogous to the 
formation of tin ore deposits near granite areas.f It is to be 
expected that similar later acid eruptives will also be found 
to have been accompanied by auriferous solutions. In this 
category we may place the rocks of the andesyt'C and trachyte 
class of Dilln in Hungary and Guanaco in Chili. Here like- 
wise the gold occurs in silicitied belts of the rock or in cracks 
filled with quartz, and usually associated with pyrite. Gold 
does not appear to be genetically related with rocks which are 
much more basic than those of the dioryte group; but always 
with those more acid. Thus we find it occasionallv associated 
w^ith quartz trachytes and dacites. 

Summarizing the above arguments we may find: Gold us- 
ually comes from the interior of the earth in acid solutions in 
company with acid eruptive rocks like dioryte. The form of 
the dissolved gold salt cannot be determined. In precipita- 
ting the gold from its solutions the sulphids. pyrite particu- 
larly, and to a subordinate degree copper, arsenic, lead and 

*** The diorites and granites of Swift's Creek and their contact-zone 
with the auriferouH deixisita." Melbourne, 1879. 

tRoseobusch, Mikrosk- Physiogr. 3d Ed. Vol. II, p. 258: Vogt, 
Zeit. f. prakt, Geol. 1892, p. 479. 
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antimony sulphids, play the most important part. These 
<*oncltision8 are proven by the constant paragenesis of gold 
and qtiartx and the almost universal association of gold with 
pyrite and its products. That gold is also sometimes precipi- 
tated by organic Hubstances is rendered probable by the occur- 
rence of veins in the Transvaal whose bituminous portions 
are unusually rich in gold. 



NOTES ON THE QUATERNARY GEOLOGY OF THE 
MATTAWA AND OTTAWA VALLEYS. 

By F. B. Taylor, Fort Wayiib. Ind. 

I utroifurfovy. In the autumn of 1893 the writer made two 
excursions to North Bay on lake Nipissing, first in August 
with Dr. K. S. Pearce, of Philadelphia, and again in Septem- 
ber alone. Two or three days were spent each time searching 
for old shore lines on the hills or in studying the lower 
beaches and their relation to the old outlet of the great 
lakes. The greater part of the time, however, was spent in 
searching for high beaches, and particularly in an effort to 
identify the highest. The observations made then were after- 
wards published in detail.* 

In 181)r> the month of October was 8|)ent chiefly in the vi- 
cinitv of North Bav and in the Ottawa vallev above the citv 
of Ottawa. It is the particular object of the present paper to 
present the results of this later work. The observations are 
somewhat scattered, but when taken in c<»nnection with what 
has btvn d(»ne bv others and with the writer s work of two 
vears befurt* it is believed that thev will n<»t be without value. 
The pa|H'r is presented in two parts, the tirst relating to the 
higher, older sht>re lines, and the second relating to the lower, 
newer lines, in part lacustrine and associated with the aban- 
doneil outlet and in part tt> thi^se of the contemporary marine 
waters in the Ottawa vallev. 

1. SuoKK Lines at Huiii Levels. 

.V..r''i /^'l. . The Nelson and MeKwen beaehe< on the hills 
five miles northeast of North Hay wrre deseribed in the pre- 

*Hvi!l. iits»[. S.H-. Am.. vi»l. .V 1*<1'». l'i»!]iams inav t»f ••;«! outlet and 
of hi»:h«*r KMohes north of Ni»rth Ha}. A.s«» Am. (iKoi... v..;. xiv. N-'v.. 
ISiM. pp. iVJ -JS^. wi:h map 
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vious paper.* They are both strongly and clearly developed. 
Another, called the Thibeault heach, on the hill about two 
and half miles north of North Bay was also described. The 
part seen there was only a short fragment and on revisiting 
the place last season it was found to he a weak feature and 
not well developed. The lands along the slope to the west- 
ward are better cleared now and although they present a 
rather irregular surface of drift and are in a very exposed 
place the beach was barely distinguishable upon them. From 
this I am rather inclined to doubt the propriety of classing 
this beach as one of the greater beaches to be used in corre- 
lations with other more strongly developed parts elsewhere. 
It is too weak and poorly defined to be safely used for that 
purpose. 

Going north from Thibeault's the road is mostly through 
the forest and no conspicuous evidence of submergence was 
noticed. Half a mile north of Thibeault's a short ridge in the 
woods resembles a spit at about 1,050 feet; but its origin is 
not certain. About four and a half miles from town Chippewa 
creek was crossed at about 1)90 feet. The high fresh cut bank 
showed sand mixed with white silt, but showed scarcely any 
evidences of stratification. Above this is a stretch of slightly 
rolling ground with sandy soil at about 1,100 feet. This sub- 
stantially corresponds with the level of the McKwen beach at 
about 1,095 feet (corrected). f This tract gradually rises to 
an ill-defined low bluif at about 1,130 feet and is probably 
the Nelson beach. From this rise a level plain extends about 
a mile through a maple forest to the house of Mr. McKenzie 
on the west side of the road six miles from North Bay. The 
altitude at McKenzie's and for nearlv a mile south is about 



♦See first paper mentioned in preeedinp footnote. The name ** Nelson 
beach*' was nev(»r intended to have the wide a])plication given it in re- 
cent papers by Mr. Warren Upham, but was used merely as a hwality- 
name for convenience. Being a well determined part of the '^highest 
beach'' in a situation where it cannot be attributed to small or locally 
restrictecl waters, it is plain that the Nelson beach is in reality merely 
a part of the Algontjuin beach. 

tin the previous papers the altitude of the station at North Bay was 
supposed to be 658 feet above mean tide. The C. P. R. profile, obtained 
afterwards through the courtesy of the Geological Survey of Canada, 
makes it 662 feet. This correction, by adding four feet, should be made 
for all the points in the earlier paper that were measured from North 
Bay station. 
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1,150 feet. East of the road is Chippewa lake and other little 
ponds five or ten feet lower. North of the lake is a network of 
narrow, crooked, steep-sided, stony ridges with marshy hollows 
enclosed, probably glacial forms. Mr. McCoUen's house is on a 
partially cleared hill to the east which rises to over 1,200 feet. 
The soil !« a stony till with some sand and plenty of bowl- 
ders. No evidence of wave-wash or still-water sedimentation 
was seen above about 1,15^0 feet. A mile farther north near 
the cabins of two Frenchmen west of the road an old ])lui!' 
was found at a])out the same hight facing over a swamp 
which borders Duchesnay creek — probably another fragment 
of the Nelson or Algon(|uin beach. 

Trout Creek, Two efforts were made in 1898 to reach the 
highest beach at Trout creek, about 28 miles south-southeast 
of North Bay. Both failed on account of rain. This season 
another attempt was made with better success. A thin snow 
covered the ground in the morning, but by noon had disap- 
peared. On the face of a steep hill about a mile east of the 
station the Algoncpiin beach was found in a cleared field fac- 
ing northwest over the valley. It aj)pears here in the form of 
a series of lightly cut terraces or steps. Beginning in the 
woods below the field eight benches were distinguished at al- 
titudes of about 1,150, 1,165, 1,170, 1,175, 1,185, 1,195, 1,205 
and 1,215 feet above sea level. Some of them are low 
ridges with shallow depressions behind. Those at 1,175, 1,18,5 
and 1.195 are best developed, the last one the best of the 
three. The upper one has a low bluff of bowldery clay three 
to four feet high at its back in the northern part of the field, 
but fades awa}' on the slope to the south. This blutf rises 
gently to a low knob at the north and passes into the woods. 
Near the north side of the field where it is most distinct the 
waves made a deeper cut, j)roducing a slight indentation of 
the ])lurt' line, like a small amphitheater. The tough clay of 
the slope is thickly massed with bowlders. The front of the 
low blulf shows plainlv that tlie clav has been washed out. 
leavinjr the stones bare. The terrace is 50 to \M) feet wide. 
The r<»ad south of thf field crosses a small stream and a small 
deltoid flat about 15 feet lower than the upj)er bench. These 
terraces were followed through the woods toward the south- 
west where some of tliem are more strongly developed, and 
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the upper one was traced a short distance south of the road. 
The surface of the field above the upper bench shows no 
benches, but only a number of rain gulleys. From the top of 
the field, (at about 1,3H5 feet) the view over the valley showed 
that several hill tops two or three miles away formed a con- 
siderable protection a^aint the open sweep of waves from over 
lake Nipissing. A level terrace line could be seen between two 
of these hills apparently at the same level as the benches just 
described. Half a mile farther east the road ends on a hill 
top. From this point one looks down on a hilly landscape of 
forest and field, the latter strewn with many large bowlders. 
In the road on the hill top there is one 15 feet long, 12 feet 
wide and projecting 10 feet above the ground. The altitude 
is here about 1,405 feet. No sign of submergence was seen 
above the terraces described. 

Two miles north of Trout creek on the Pawassan road this 
beach was found again at about 1,220 feet. The position here 
is more exposed and the beach is correspondingly stronger in 
its development. It is a great curved spit of gravel about 400 
or 500 feet long. It is mostly on Mr. Weiler's land in the field 
which fills the corner southeast of the cross roads. In the 
next lot east a gravelU' hill of drift rises about 25 feet above 
the top of the spit. From the top of this hill lake Nipissing 
can be seen plainly. The waves had torn away the north side 
of this hill, making a sharp cut at the water line and leaving 
a very steej) slope* above. From this the gravel and sand were 
carried toward the southwest into shallow water and built 
into a wide spit which curves sligjitly southward. The soil 
on the spit is remarkably light. It is composed of fine gravel 
and sand, with a light loess-like material, and is very soft 
under foot. The hill was evidently a small island at the time 
of the beach. A mile to the east in a more protected place 
the knobs of gneiss had apj)arently been washed bare of their 
thin coating of drift at about the same level. All the hill tops 
for several miles around were islands. Some of these ex- 
tended two or three miles farther northward. 

Callender (C. P.Ii.). From this place a drive was made 
out the Pawassan road to a hill some six miles south-south- 
east. For two or three miles, and ui)'to about 250 feet above 
the station, the country surface is largely silt and silty clay 
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with more or lees sand, all water-laid thinly over the rocks 
and the ground moraine. On the west point of a hill about 
two miles out is a faint terrace about 190 feet above the sta- 
tion or about 975 above sea level. Just northeast of this is a 
large kettle-hole 60 to 70 feet deep. The rolling stony drift 
at this place appeared to be part of a terminal moraine. Some 
of the hills seem to be mainly of drift, but some show bare 
ledges of gneiss, especially towards their tops. A wide huckle- 
berry flat called the '*Blue Sea,'- which was crossed at about 
1,035 feet, is bounded by high hills and is evidently a shallow 
lake bed tilled with sediments. P'rom the east side of this a 
long hill rises quite steeply. Bare bosses of gneiss were 
reached at the toj) of the slope at about 1,290 feet. They were 
evidently rounded by glacial action, but were weathered so 
that no stria* were discoverable. The house and barn of >ir. 
Joseph Hi net. half way uj) the hill and north of the road, are 
on a fairly well formed terrace at about I.lJio feet al)ove sea 
level. Above this are two others at about 1,150 and 1,170 fc»et 
respectively, both more sharply cut. Above the upper one is 
a st<»e[) rocky ledge with talus toj) about HO feet above. The 
water may have stood at that place, but no distinct terrace 
corresi)onding to it was observed at that level on the gentler 
slope a few rods to the southwest. The benches are cut into 
stony drift, which is composed of tough clay with many cob- 
bles. The slope faces nearly north w(»st and on the steep hills 
opposite there apj)eared to be a zone of rock washed bare at 
about the same level. Although it is about 40 feet lower than 
the beach at Trout creek, it seems almost certain that this is 
the Alg<>n(|uin beach. Th(* ground and situation are favor- 
able, but no trace of submergence was seen at a higher level. 
Lnrfih'fi'f's iti tfn' Offan-a ]'(ff/eif. Two trips were made in 
search of high shore lines from Mattawa. The iirst was up 
the west side of the Ottawa river to Les Erables. At one 
plnce north of the Antoine river a faint terrace with gravelly 
surfare suggesting light wave wash was found at about 870 
feet. Birch hill farther north holds a small lake high above 
the river. The north slope of the hill is a great mass of mo- 
ra inlc material undoubtedly constituting a terminal. It is 
apparently this bank of drift which holds the small lake up. 
The composition of the moraine is well shown in exposures by 
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the road which deflceiids northward through a steep ravine. 
It is Btony, gravelly drift with considerable sand and much 
white silt. A quarter of a mile south of this lake the slope 
on the west was explored and a horizontal zone of bowlders 
apparently washed free of other materials was found at about 
1.010 feet. From the top of the hill 60 feet higher the sur- 
rounding hills were seen to have a similar mark on their 
steeper slopes. No other litU)ral forms were seen and it is 
uncertain whether this feature is in reality a shore line. 

The second trip was made from Mattawa to Hurdman's 
farm about 21 miles south. About three miles out and at an 
altitude of about 720 feet a ridge of gravel and cobbles was 
found running north and south and exposed over lower 
ground, both east and west. The southern part is level, but 
it drops off slightly towards its north end. This was not cer- 
tainly identified as a beach, but may prove to be such on closer 
examination. At this level there is an undulating plain two 
or three miles wide and much of it is covered with a thin sheet 
of white silt with some clay. It is wat^r-laid, and in some 
sections four to five feet deep was seen to be free of stones. 
It appeared generally to overlie stony drift, which outcrops at 
many places. In the drift itself the silt seemed to be the main 
fine ingredient mixed with the stones. It takes the place of 
clay largely in making up the ground moraine. The same 
character was frequently seen in other places in this region. 
As observed on this excursion, the upper limit of the water- 
, laid silt appeared to be at about 800 feet. From Roscoe's, six 
miles out, the road to Hurdman's is over a very rough, rocky 
country, for the greater part consisting of bosses of gneiss 
with half buried ravines between. The drift covering is gen- 
erally rather thin, and almost the whole stretch is thickly 
covered with bowlders. The average is a good size, a foot or 
more in diameter with many much larger, mostly angular and 
nearly all of varieties of gneiss or granite. Two terraces of 
fine sandy gravel were found at about 1,060 and 1,100 feet. 
Both were in a somewhat protected position in an east-west 
valley and covered with dense undergrowth. It is doubtful 
whether either is a beach. Nothing else suggesting submer- 
gence or a shore line was seen. Hurdman's house is about 
1,320 feet above sea level while some of the knobs in the fields 
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near by rise tn 1,400 feel or nver. This is the top of the 
country and all'orde a grand view all around. One looks away 
east and noiith over the tops of many hiliti that rise almost to 
the same level, forming apparently an ancient peneplain. Ite- 
tweun the hiliB are deep valleys often wide, holding many lake? 
and streams that flow eastward with moderate descent. To- 
wards the northeast the hills of CJuebec north of the Ottawa 
river were seen clearly. 

At Deux Rivieres, 22 miles east of Mattawa, another effort 
was made to find high ^hore lines. Almost the whole distance 
of eight miles south to Stony hill was over what are locally 
called "the plains" but which proved to be a great area of 
kanies. This kame deposit is composed almost entirely of 
yellow sand too coarse to be blown by the wind. Denx Rivieres 
has an altitude of 520 feet above sea level (C. P. R. profile) 
and the limit of the sands was not reached on Stony hill at 
an altitude of about 1,210 feet. Upon this slope of over 700 
feel in something less than eight miles the deposit is spread 
in characteristic kame fashion. In soiue parts the knoband- 
hasin topography is well developed. Otiier parts are billowy 
and others more nearly a plain. There are also some high, 
rather irregular ridges. Some of the kettles are 50 to 76 feet 
deep. All that were seen were dry, but there are a few lakes 
in the larger basins. About six miles out the road passes in 
view of Green lake along its west side. This lake is perhaps 
half a mile long and nearly as wide and is approximately 450 
feet above the station (970 feet above sea level). In the (cen- 
tral and lower part of the area the stony ground moraine sel- 
dom protrudes through the sand. But towards the south in 
the higher part of the area stony drift surfaces are cotnmon. 
The sand appeared to thin out in that direction and occurs 
there in patches. At an altitude of about 1,130 feet a distinct 
terrace about 800 to 400 feet wide was found facing north or 
slightly west of north. This shelf sloped from back to front 
ten or twelve feet and had a few bowlders scattered over its 
surface. The bluff at its back is high but not steep. The 
bench was followed to the east, where it fades away on a steeper 
slope, but no cerluiii i-vidcncc nf wiivi' wurk «-i.~ found — noth- 
ing resembling a beurh ridge u'tr ji spit rinr did ihe bluff seem 
quite like orn- cut by w-uvi- nction. It it. tmi i|iiiic certain that 
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this terrace is a beach altliougli it sci strongly resembles one. 
Above its level there is the same })illo\vy surface of sand and 
close to the road at about 1,*21() feet there is a small steep-sided 
kettle about 15 feet deep. The sand as seen on tliis road ap- 
peared to be gathered more densely along three east-west belts^ 
one low down, say (>50 to 700 feet, another at 900 to 1,000 
along the north side of Green lake and apparently holding 
it up, and a third at the top of the hill, 1.100 to 1,200 feet. The 
middle one shows bowlderv kno])s that seem to mark it as a 
terminal moraine. About two miles southeast of Green lake 
is Windigo lake, said to be larger and at about the same alti- 
tude, and Windigo hill as high or higher than Stony hill. 
Their basins are probably of impervious drift or rock under- 
lying the sand. 

The area of the sand is said to have very definite limits on 
the east and west extending abcuit two miles each M'ay from 
the road. Southward it thins out, but is said to extend several 
miles beyond Stony hill. 

Nearly opposite Deux Kivieres the deep narrow valley of 
the Maganasippi river opens through the high plateau of 
Quebec, and it seems probable that the glacial drainage that 
formed the kame deposit was in some way related to that val- 
le3^ The relation here is much like that described by Prof. 
Fairchild between the large kame areas of western New York 
and the deep valleys which indent the south shore of lake 
Ontario.* 

Somewhat similar sand formations, but not so extensive 
nor, 80 far as seen, reaching to so high a level, were found at 
Bissett 12 miles and at Mackey 25 miles farther east. The 
knob-and-basin structure is not quite so prominent at either 
of these places, but at both there is a great rolling sand de- 
posit overlying the ground moraine. At Bissett it was follow- 
ed up to an altitude of about SOO feet above tide and at 
Mackey up to about 600 feet. At McKinnie's farm on the 
hill south of Mackey the highest point reached was nearly 
800 feet, but above 600 feet the surface is of stony, gravelly 
clay. No trace of shore lines or sedimentation was seen on 
the upper slopes. At neither of these places, however, were 

* ** Kame Areas in Western New York Fouth of Irondequoit and 
8odus Bays/' by H. L. Fairchild, Jour, of (ieol. vol. iv, No. 2, 1890. 
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hightB above 1,000 feet reached. Just opposite Mackey the 
valley of the river Du Hoine opens towards the north just as 
does the Magana^ippi at Deux Rivierea. At Biseett there is 
no valley opening exactly opposite. A small one opens from 
the north a few miles below, but at neither of these places 
did the relation of the sand area to the opposite valley seem 
80 plain as at Deux Rivieres. 

Eastward from Deux Rivieres the railway passes by a baek 
valley and rises to 827 feet at Aylen. This valley appears to 
have been swept bare of nearly everything hut bowlders. 
Much the same appeanince was presented by the region east 
of Maclcey past Moor and Bass lakes where the railway again 
rises to about 700 feet. Itisnot improbable that these valleys 
were swept out by the outrushing waters of lake Algonquin 
when the ice front still blocked the course of the Ottawa which 
lies a few miles farther north. Perhaps the sand deposits at 
Bissett and Mackey were modified by the same cause. Per- 
haps they might otherwise have been typical kame areas like 
thst at Deux Rivieres. 

The new observations near North Bay and those at Trout 
creek and Callender (C. P. R.) accord closely with what had 
been done before in that region. There can be no doubt of 
the recent presence of wide waters at high levels over lake 
Nipissing and the headwaters of the Mnttawa river. At the 
five places seen in the Ottawa valley, however, no clear and 
certain evidence of high level submergence was found, except, 
perhaps, the thin silts and clays overlying the drift south of 
Mattawa up to about 800 feet. This limit for sueh » deposit 
would seem to imply a contemporary water surface at a still 
higher level, and it is more than probable that for a compara- 
tively brief period such an eastward extension actually 
existed. 

As related elsewhere, the results attained during the pre- 
ceding month on the north coast of lake Superior, showing 
that there were no straits northward to Hudson bay, seemed 
to leave little support for the marine hypothesis of the .high- 
est beach in the northern purt of ilic lake basins unless that' 
hypothesis could be shi'wn to l)e strongly reinforced by evi- 
dences from the region to the cunt of NorthjBay. The obser* J 
vations in the Ottawa vulley arc too meager^ to be taken MfM 



Geology of .Valtnwu and Oftuira Volleyg. — Taylor. 117 

final. But BO far as they go they not only add nothing to the 
marine hypothesis, but the presence of the Deux Rivieres kame 
deposit, which appears to have been the latest noticeable 
phape of deposition at that place, suggests rather the hypoth- 
esis of a glacier dam. The absence of silt or clay overlying 
the sand on the lower part of the slope proves that the latter 
was not long submerged beneath still water after it was un- 
covered by the retreating ice. The Mattawa and Ottawa val- 
leys are troughs in the ancient peneplain of the region and 
they are comparatively narrow and deep. It is impossible to 
deny that if a great sheet of land ice moved over this region 
from the north or iiortli-nortlieast, as the striie indicate, 
there may have been a short period when the ice blocked the 
Ottawa valley by filling it up for some dit^tance eagt of Deux 
Rivieres and resting its front against the southern highlands 
below that place. The valleys to the west and possibly also 
for a short distance north above Mattawa may have been 
temporarily open water. But this condition would last only 
a short time at most. Perhaps this supposition explains the 
absence of stronger shore tines and the general absence of 
still-water sediments at high levels north and east of Mat- 
tawa, and it may be that the fuint, doubtful shore lines and 
the thin silts south of Mattawa are in reality the remains of 
such short-lived still waters. The great valley of the river 
Du Moine reaching far to the north offers an appropriate 
channel, both as to position and direction with reference to 
ice-motion, for a great lobe or tongue of ice that may have 
formed a dam below Deux Rivieres. About two miles east of 
Maekey strite were found running S. •J:0° and 26» W. (mag.). 
A little north of Mattawa on the west side of the river they 
bear nearly south (the direction here was not measured by 
compass). One and a half milen northwest of North Buy fine 
specimens of striie were found close to the ritilway track and 
the predominant direction of the stronger ones is about S. 18*' 
W., with a few running ft" to H)*^ east of south. No striie 
were seen at the other places named. It is perhaps a signifi- 
cant fact tlijil the scoured valleys east of Deux Kivieres and 
Hackey are just where the front of the Du Moine glacier 
would be at one stage of its retreat. These ideas, however, 
are not offered as conclusions which can be clearly alHrmed 
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on the facts now at hand, but merely as suggestions wliieh 
are indicated by tlieso facts and which may be profitably 
borne in mind in future investigations. 

One other point deserves mention in this connection. From 
Huntsville to South river the Algonquin beach rises at the 
rate of nearly six feet per mile.* Then from South river to 
Trout creek it appears to be about level. But from Trout 
creek to Nelson's, five miles northeast of North Bay, the beach 
descends northward about 75 feet in 33 miles. The C'allender 
(C. P. R.) observation also shows the same northward de- 
scent. If the fainter forms found in the Ottaw^a valley are 
accepted as continuations of this same shore line, as the}'^ may 
be. then they too show northward descent and apparentlj'^ a 
slight eastward descent also. It might be thought that the 
northward descent from Trout creek to Nelson's is not in re- 
ality a measure of the deformation of the Algonquin plane, 
but that the beaches at the two places are not the same. This 
is of course a possibility. But at each locality, at South 
river. Trout creek, Callender (C. P. R.) and near North Bay 
in 1893 and again in 1895. the greatest care was taken to de- 
termine the upper limit of submergence and the result was 
clear and satisfactory in each case. Callender (C. P. R.) is 
about 18 miles east of a straight line drawn from Trout creek 
to Nelson's. The northward component of distance from 
Trout creek to Callender is about 21 miles and from Callen- 
der to Nelson's about 12 miles. The altitudes of the beaches 
are. 1,220 feet at Trout creek, 1,170 at Callender and 1,145 at 
Nelson's. Thus the northward descent from Trout creek to 
Callender is nearly two and a half feet per mile while that 
from ('allender to Nelson's is a little over two feet per mile. 
This allows nothing for a possible east-west defornnuion af- 
fecting ('al lender. 

The beaches at th(»se three localities are so situated that it 
can hardl}' be supposed that one was made and abandoned 
before another was begun. And the clear definition of each 
as the highest shore line adds much strength to the supposition 
of their unity as cuie beach. 

*Am. (Jkol., vol. xiv, Nov.. ism. 
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Wherever the hills were ascended in the region east and 
northeast of Georgian bay it became at once apparent that 
their even tops were the remains of an ancient peneplain. 
From the hills south of Callender (C. P. R.) Mt. Talon, 15 or 
20 miles to the north and beyond the Mattawa valley, was 
seen rising high above the general plain as a fine monadnock. 
No other so prominent was noticed in this region. In the 
highlands south of the Mattawa the Algonquin beuch marks 
a water level that entered the deep valleys between the hills 
and extended far into the interior. On the north side of the 
Mattawa not only is the beach depressed, but the peneplain 
«eems to show a corresponding depression also. In short, the 
descent of the Algr>n<iuin beach northward from Trout creek 
appears to be due to deformation since the beach was made, 
and it seems probable, therefore, as previously stated,* that 
there are post-Algoncjuin faults between Trout creek, or 
rather between South river, or Sundridge and Nelson's. And 
this deformation appears to have been finished before the be- 
ginning of the Nipissing beach. 

The upheavals which tilted and warped the plane of the 
Algonquin beach before the formation of the Nipissing beach 
have been called the Algonquin uplifts.f Whether these occur- 
red after, or part of them during the making of the Algonquin 
beach is a very complex (juestion, which is full of importance 
in its bearini' on the lake historv and the historv of the Nia- 
gara gorge. There is much reason to believe that the Simcoe 
region, including the Trent valley outlet, was raised during 
the life of lake Algontjuin and before the breaking of the ice 
dam in the Ottawa valley. Shnrp warping 0(!curs in the region 
east and northeast of (jeorgian bay, but it apparently dies 
out towards the southwest so that the St. Clair river and the 
south end of lake Huron were only slightly atf'ected. If the 
Mattawa-OttawH region was uplifted befon* the ice-dam broke 
it would follow that the surface of the lake in the region near 
the dam was not up to the level of the highest beaches at the 
time of tho break, and hence that the whole lake was not 
lowered over oOO feet when the dam broke, as it must have 
been the case if that event occurred before all the uplifts. In 

♦Am. Jour. Sci. vol. xlix, April 189."). fcMilnote on pajje -•'>8. 
tThe Inland Educator, Terre Houte, lud., vol. 2, No. 4, p. 222, May 
18%. 
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the latter case the surface of the lake must have fallen from 
its place at present lake level at Port Huron, Mich., in Saginaw 
bay, and at Two Rivers, Wis., to a level 500 feet lower or to 
within 80 feet of present sea level. Then there had to inter- 
vene time enough for about 500 feet of uplifts in the Mattawa- 
Ottawa region before the Nipissing beach could have begun 
to be formed. We cannot say positively that this was or was 
not the course of events. It is a possible alternative. But it 
seems much more likely, and it apparently agrees better with 
the Niagara gorge, to suppose that the major part of the 
Algonquin uplifts occurred during the life of lake Algonquin 
and hence before the breaking away of the ice dam in the 
Ottawa valley. In this case when the break came the level of 
the lake at North Bay was not very much above the pass and 
the fall to the pass and to the level of the Nipissing beach was 
not great. But we do not know whether the change was 
^directly to the Nipissing beach, the uplifts ceasing then alto- 
gether, or whether there may not haye been some slight up- 
lifting at North Bay after the fall to the level of the pass. 

The whole subject of the Algonquin uplifts and their rela- 
tions to the lake history is extremely complex. While a large 
number of data have been gathered which bear on the questions 
involved, probably many more will be needed before any de- 
cisive conclusion can be reached. But in justice to the subject 
and to those who have been most closely connected with its 
study it should be said that the data even now on hand have 
not yet been fully worked over. An account of submergence 
phenomena observed at lower levels in the Mattawa and 
Ottawa valleys will be given in another paper. 



THE ORIGIN OF THE WIND GAP. 

By Fred B. Wright, Oberlin, Ohio. 
(Plato III.) 

In the eastern part of Pennsylvania, on the boundary be- 
tween Monroe and Northampton counties, the outcrop of Me- 
dina sandstone which forms, as elsewhere, the even crest of 
Blue or Kittatinny mountain, is cut by the Wind gap. Below 
the hard capping of sandstone lie the softer strata of Hudson 
River nhales and Utica slates. Descending the northern sloj)e 
of the mountain you pass from the Medina sandstone to th(» 
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iUinton shale? and then to the Lower Ilelclerberg limestone. 
Aquanchicola creek, tiowlng west, and Cherr}^ creek, flowing 
east, follow along near the border between the limestone and 
the shale. North of the limestone joii find the Oriskany 
sandstone, and then the (!orniferous limestone, which, how- 
ever, runs out before reaching the Lehigh river. South of the 
mountain j'ou pass from the Medina and Oneida sandstones 
to the Hudson River shales and LTtica slates. 

"The summit level [of the Wind gapj at the center point 
of the bottom of the notch has an elevation of 978 ft. A. T. 
The crest of the mountain rises about 500 ft. higher. Meas- 
ured at the crest line of the mountain the width of the gap 
is about three-fourths of a mile. The side slopes are beauti- 
fully rounded and curved downwards and pretty steep, so that 
the floor of the notch is about one-eighth of a mile wide."* 
The slope to the south of the gap is much steeper than that 
to the north. A little stream rises on the north slope of the 
mountain east of the Wind gap and flows westward to Aquan- 
chicola creek ; but no stream runs through the gap. Never- 
theless the general appearance of the notch is such that one 
cannot help believing that at some time a stream ran over 
Blue mountain at this point and cut the gap. Also in exca- 
vating for a railroad through here they found, at a depth of 
twelve feet, waterworn pebbles, which indicate the former 
existence of a stream. f But, as it is quite probable that this 
gap furnished an outlet to the south for the water from the 
melting ice during the later part of the Glacial period, this 
may account for the waterworn pebbles. However, there 
seems to be no evidence that either the ice-sheet or changes of 
drainage caused l)y it had anything to do with the formation 
of the Wind gap. 'J'his cut must have been made long ante- 
rior to the Glacial ])eriod by some stream that flowed over the 
mountain at this place before the existing topography had 
been assumed, as is evident from the fact that there is no 
trace of the old channel north or south of the gap, and that 
the land slopes quite rapidly down on both sides from it. The 
l)resent paper relates to the question. What has become of 
this river? 

♦Penn. Geo!. Survey. (i(). p. (J.'}. 
tPenn. (ieol. Survey, GO, p. (J.*{. 
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When the Lehigh and Delaware rivers were just beginning 
to cut their water gaps, probably a stream, smaller than 
either of them, was cutting down the Wind gap. But the 
Lehigh and Delaware rivers, being larger, had an advantage 
over the Wind Gap river in that they could lower their chan- 
nels through the mountain more rapidly. When these two 
rivers had cut through the hard Medina sandstone and come 
into the softer Hudson River shales and Utica slates, they 
began lowering their beds at a greater rate; while the Wind 
Gap river was still slowly working away at the hard Medina 
sandstone. The relations of the outcrops of these formations 
are shown by figure 1. 
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Fio. 1. Section along the Une AA (plate III), showing successive outcrops of strata, 
numbered according to the Pennsylvania Geological Surrey. 
Ill, Hudson River shales and Utica slates. IV, MtMiina sandstone and Oneida con- 

glomerate. V, Clinton nnl shale. VI, Lower Helderberg. VII, Cauda-galli grit and 
^riskany sandstone. VIII, Chemung, Genesee, Hamilton, Marcellus shales and Cor- 
niferous limestone. IX, Catskill red sandstone. X, Pocono sandstone. 

P. M.. Pocono mountain. K. M., Blue mountain. W. R., Wire Ridge, capped by 
Catskill sandstone. P. (>., Pohopoco creek. A. Cr., Aquanchicola croek. 

The Lehigh and Delaware rivers, north of the Blue moun- 
tain, were at the baselevel of the bottoms of their gaps, as is 
shown by the broad valleys which extend down to the gaps 
and there suddenly contract only to widen out below. As the 
rivers lowered their beds at the gaps, the valleys of softer 
rock on the north would lower at nearly the same rate, thus 
giving increai^ed activity to the tributaries which were cut- 
ting back toward the Wind Gap river. Since its bed was on 
a higher level, eventually the tributaries of either the Dela- 
ware or I^high tapped it and drew otf all its water. Thus it 
can readily be seen how this gap was cut so long ago that 
there is now nothing left except the general form of the notch 
to tell of the former river. 

Yet there are some other indications that point out the 
general course of the ancient river as it fiowcil from the north 
to the gap. McMichael's creek has its source at a distance of 
about twelve miles northwest from the Wind ^ap: it rises 
farther north than any of the tributaries of PohopcuN^ creek, 
which flows west into the Lehigh river: and it flows in a 
<»outherly direction toward the Winil gaj> for some six miles 
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and then turns suddenly east. Of course so much time has 
elapsed since the existence of this river that we should not 
look for many distinct signs of the old channel; yet we may 
expect some indications as to its former course in the stream 
which rohbed the Wind gap of its water. That the upper 
portion of McMichaei's creek is a part of the Wind Gap river 
seems quite probable, when you consider that this is the creek 
which would have had the best chance, among all the streams 
of this district, to cut back to the line of the old Wind gap 
drainage. 

If, as is altogether probable, the relative sizes of the Lehigh 
and Delaware rivers and their tributaries have been approxi- 
mately the same during their history, it is clear that the trib- 
utaries of the Delaware would cut back to the Wind gap river 
first, since it is larger than the Lehigh and also nearer to the 
Wind gap. Thus, although the difficulties of tracing the 
course of an abandoned preglacial stream in the glaciated re- 
gion are very great, indications all seem to point to McMich- 
ael's creek as the thief which, long before the Ice age, robbed 
the Wind gap of its eroding stream. That the drainage has 
been somewhat changed by the glacial deposits must be ad- 
mitted. But, with Blue mountain to the south, higher land 
to the north and the divide between the Lehigh and Delaware 
rivers to the west, there must have been, during the history of 
the Delaware, a preglacial stream flowing nearly in the pres- 
ent course of McMichael's creek. 



EDITORIAL COMMENT. 



Supposed Pre-Taconic Organisms. 
The outlook for the detection of organic remains in Archean 
rocks is not encouraging. Since the passing of Eozoon, albeit 
with a vigorous kick, there seems to have been a panic among 
the spectral organisms of the crystallines. The Archean 
sponge described by Matthew turns out to be an effect of 
crystallization, other so-called fossils from the Canadian Ar- 
chean seem to be largely subjective organisms, and now the 
radiolarians and sponges, the announcement of whose pres- 
ence in the crystalline rocks of Brittany elicited wide-spread 
interest, after an analysis by Rautf are claimed to be (the ra- 
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diohirians probably and the sponge spicules at any rate) only 
mineral aggregates. So it has become evident that the deter- 
minations of the paleontologist in this field will no longer pass 
muster until reviewed by the petrographer. 

Of another sort than these claimed and discredited evi- 
dences of life are the supposed annelid trails on theHuronian 
iron ores of Iron Mountain, Mich., recently described in Sri- 
eiice by W. S. Gresley and the pr(»bable organic origin of some 
of which has received the endorsement of such excellent pale- 
ontologists as Dr. Walcott and Mr. Schuchert. The petrogra- 
pher has not yet had his say in regard to these things, and 
though the rock specimens may show no structural characters 
whi<*h will serve to either af}irm or deny the organic origin of 
these impressions, they will not be admitted as a demonstra- 
tion of Archean life without a many-sided scrutiny: the 
more, as all other similar claims seem to be so rapidly crumb- 
ling, and since the Taconic and Archean ores occur in close 
proximity in the region mentioned. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Die LameUibranchiaten des rhehnschen Devon, niit Ausschluss der 
Aviculiden. By L. Beushausen. Pp. 1-514, pis. 1-38, 1895. (Abhandl. 
derKOnigl. Prouss. geolog. Landeranst., Heft 17.) While the author 
of this fine work was engaged, some twelve years ago, upon the investi- 
gation of the fauna of the Spiriferen-sandstein of the Hartz mountains, 
the paucity of knowledge of the lamellibranchs in the Grerman Devo- 
nian, notwithstanding a wealth of material in collections, made itself so 
apparent that the influences of the land survey were directly thereafter 
interested to bring about a thorough study of these fossils. The scope 
of the work at first contemplated only the lamellibranchs of the lower 
Devonian, then, according to the author's prefatory statement, it was 
broadened to cover the species of the entire Grerman Devonian and the 
work so divided that one part of it was assigned to Dr. F. Freeh, the 
other groups to Beushausen. Freeh's monograph, covering all the 
Aviculidae of these rocks, was published in 1891. That on the remain- 
ing groups became so extensive an undertaking that the author has felt 
the necessity of restricting it to the species of the Rhineland and West- 
phalia. The 315 species here dealt with are a sufficient evidence of this 
necessity. 

One feature of this work is so distinctly novel as to invite remark. It 
contains no phylogenies, no family trees, no schemes of classification. 
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Let who will make these, here are the facts, says the preface and 
nothing is clearer throughout the contents of the book than that its 
writer is dealing precisely and cautiously with facts alone. Either the 
author has not. or believes he has not, found the key to nature's method 
of producing lamellibranchs. Some critics might pay that here is a fine 
opportunity missed for excursions in these fields. 

So significant are the results of this work Xo the large numV^er of stu- 
dents of paleozoic faunas that a somewhat extendetl notice of them is 
justified. The paleontological part opens with the systematic descrip- 
tion of species and genera. 

Family Mytilidse. Modiola Lamarck. The author considers the De- 
vonian existence of this genus as proven, two described species jK^sses- 
sing not only the typical form but also a small anterior iidductor close 
beneath the beak, a curved, narrow, unthickened, toothless hinge and 
a linear marginal groove. It is possible that some of the American 
shells now referred to Modiomorphn will prove congeneric with these. 

Family Modiolopsida*. Modiomorphn Hall. The hinge structure of 
this genus is more fully elaborated than was done by Hall. The latter 
made out a single tooth in the left valve and a corresponding socket in 
the right valve. It is found that the left valve may have a tooth on 
either side of the median socket, one or both being absent on some spe- 
cies. Hall also made out the ligamental groove as external, but this is 
here stated to be a flattened surface so strongly striated as to suggest 
lateral teeth. 

Nyassa, Hall. Though nothing new is added to the generic structure, 
the type species N. argnta^ the common form of the genus from the 
Hamilton group of New York, is regarded a synonym for Satiguiuolaria 
{N.) dornnta Goldfuss. To us, however, the specific difference seems 
well defined. 

Dolabra, McCoy. This genus, referred with doubt to the aviculoids, 
still remains imperfectly known, no clue to the hinge structure being 
yet obtained. 

Family Arcidae. Macrodus^ Lycett., (emended spelling^. Without 
adding any new structural details, attention is called to the variation in 
size of the triangular ligament area, which is small in all these middle 
Devonian species but often becomes of greater extent in Carboniferous 
forms of the genus. 

Family Nuculidae. Nticula, Lamarck. Fifteen species of small, sub- 
triangular, characteristically Devonian shells are described, and it is 
shown that Neumayr's genus Myoplasia^ introduced for some of Bar- 
rande's '*Nuculas'' and based upon the presence of accessory muscular 
scars, is not to be distinguished in this respect from either NucuUt or 
Cienodonta. 

Nncidana, Link. .This name is preferred to the term Leda, Schum., 
more commonly employed but said to be preoccupied. The 7 species 
described show the arcoid teeth, median ligamental groove as in Nh- 
vula, the pallial sinus and the contracted outline peculiar to the genus. 
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Family CtenodontidfiB. Cf^'norfonfa, Salter {Tellhwmya, Palceoneilo, 
Hall). It is shown that while the shells described by Hall in 1847 as 
Tellinomya were uot clearly defined as to hinge structure, the term 
Ctenodonia, which was better defined, must stand for species which 
have passed current under one or another of the three names mentioned 
and range from the Ordovician to the Trias. While finding no basis of 
generic distinction among these forms, Beushausen still recognizes the 
subgeneric value of Palcponeilo and certain other terms, thus Cteno- 
donta (restricted) includes species with a broad, shallow, obscure sinus 
directed toward the ventral margin: fine concentric sculpture. Type, 
C. nasuta Hall. Palceoneilo; sinus directed more posteriorly, stronger 
and making a distinct emargination of the posterior edge; fine con* 
centric sculpture, often with strong concentric ribs. Type, C. fecunda 
Hall. Koenenia Beus.; the sinus sharply defined by radial ridges. 
Type, C IcLxii, A. Roem. Tancredtopsia, nov.; anterior portion of shell 
larger than posterior. Type, C contracta, Salter. ProsoleptuSt nov.; 
shell highly inequilateral, abruptly narrowed in front, behind greatly 
widened. Type, C. lineata Goldf. All of these subgenera are repre- 
sented in the 35 species here referred to Ctenodonia, The genus is 
somewhat less prolific in the American Devonian and is represented by 
only the first two and possibly the third of these subgenera. 

Cucullella^ McCoy. This term is preferred to Nuculites Conrad (older 
by 10 years), from an objection to the etymology of the latter. Such a 
reason rigorously enforced would throw out from nomenclature, to the 
general inconvenience, many useful and long established names. 
Among the synonyms of this genus is placed the term Ditichia, Sand- 
berger, which was introduced for a small shell having two clavicles, one 
posterior. The author regards this a uniform occurrence in the young 
of Cucullella. 

Ledopsis, Beus. Another nuculoid genus with subtriangular outline 
and two radial ridges, one anterior, one posterior departing from the 
beak. Though represented in the Grerman Devonian it has not been 
recognized in American faunas. 

Family Trigoniidfe. Myophoria^ Bronn. The author follows Freeh 
in referring to this genus the Devonian shells which writers generally 
have embraced under King's genus Sehizodus, Without attempting to 
establish subgeneric diflperences, which in the opinion of the reviewer 
exist, the author includes his 16 species in four conventional groups, two 
of them suggested by Neumayr. 

Family Astartidae. Cypricardella, Hall. In the shells of this genus 
variously christened Microdon^ Eodoii^ and Microdonella, the author 
notes the presence of a faint second tooth in both valves, and adds that 
these are for the most part faintly developed in Devonian species while 
in Carboniferous species they become very prominent. 

Family Crassatellidte. CrasHatelfojysis, nov. This genus is based 
pon the species C. Hauchecornei, from the Coblenz beds. The valves 
boar a distinct [lunule in front of the beaks and the general aspect of 
the shell is that of Astarte. The left valve bears a strong tooth, the 
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right has a weak fore tooth and a strong hind tooth ; there are do 
accepsory teeth. The ligaiuent is internal, lies on a thickened platform 
behind the teeth ; pallial line entire. 

Family CarditidaB. Prosocoelus^ Keferstein. This is a genus known 
as yet only in the lower Devonian of the Hartz and the Rhineland. 
The shells are thick, often large, strongly convex and with a hinge 
strongly suggesting that of the recent Venericardia. The genus Trip- 
leura Sandb., is regarded a synonym. 

To the family Cardiniidae is referred with doubt a new genus Gary- 
dium, represented by two species from the lower Devonian. These are 
characterized by a very remarkable hinge structure. The left valve 
possesses a thickened, hinge- plate, bearing two strong submarginal 
grooves. The right valve has two ridges which fit into these grooves. 
Both grooves and ridges are crenulated. 

Family Megalodontida;. Megalodus, Sowerby. Of this peculiarly 
Devonian genus, the author makes out the structure of the hinge to be 
as follows : a central tooth ; in the left valve a conical fore and a ridged 
hind lateral tooth, in the right valve a very strong fore, a weak and 
oftt^n wanting hind tooth and a ridged lateral tooth. But one species is 
described and that has commonly been known as M. cucullatus, but 
the earlier name M. abbreviatus Schloth is preferred ; M. adolfl Clarke, 
from the Hartz is regarded a synonym. 

Family Lucinidae. Paracyclas, Hall. 7 species. 

Family Cyprinidae. Cypricardinia, Hall. 7 species. 

Mecy nodus, Keferstein. These ghells,like Goniophora in exterior but 
with strongly developed hinge and lateral teeth, are not known in the 
New York Devonian, though Whiteaves has referred a Canadian shell 
thereto with doubt. 

Goniaphora, Phillips. The external resemblance to Mecynodus natur- 
ally induces an association with that genus notwithstanding what 
appear to be profound differences in the structure of the hinge. The 
author does not follow Hall in associating these shells with Modiomor- 
pha but is disposed to regard them as cyprinids of degenerate hinge- 
structure. 

Sphenotus, Hall. To this genus is referred a single species. 

Family Solenopsidae. Solenojjsis, McCoy. Of this genus of elongate, 
tapering shells three species are described, one of them being identified 
with Whiteaves' Modiomorpha attenuata^ from the Devonian of Mani- 
toba. Except for this species the genus is not known in the American 
Devonian. 

Family Solenidae. Palaeosolen^ Hall. These long ensiform shells, 
with subparallel margins and gaping anterior extremities, heretofore 
known only by the single American species P. siliquoidea Hall, are re- 
presented by 4 species. 

Family Grammysiidse. Grammysia, de Verneuil. This genus is much 
more closely restricted than it was by Hall, and is applied to shells 
showing more or less distinct evidence of the transverse cincture. HalPs 
diagnosis embraced many forms similar to those here referred to Lepto- 
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domus and Allerisma. Thirteen species are described, nearly all from 
the lower Devonian, a striking contrast to the American occurrence of 
such typical forms, which are almost exclusively from middle or upper 
Devonian faunas. 

AUerisnui, King (emended spelling). This still remains a somewhat 
unsatisfactory receptacle for species whose true relations will be better 
understood when the typical Permian species of the genus shall have 
been more fully investigated. With more abundant material the author 
must have more keenly appreciated the very slight interval between 
some of these shells, such as A, mUnstein and A. priscum (which are 
embraced within Hall's conception of Orammysia), and the true 
Grammysias. 

Lejitodomus, McCoy. This was an ill-defined genus and it is not quite 
clear that the author's original intention is followed in referring to it 
shells of the type of Qrammysia consiricta, Q. communis and G, undatu 
Hall. The distinction between these many forms called Grammysia^ 
Allerisma and Leptodomua is not particularly elucidated by the employ- 
ment of diverse terms in preference to the practice of Hall to include all 
under the term Grammysia, 

Pholadella, Hall. Represented by a single species, P.jjei'egn'na^ from 
the lower Devonian. 

Cardiomorpha^ de Koninck. The author's conception of this genus 
would include within it again certain forms embraced in Hall's concep- 
tion of Grammysia, such as those constituting his division obsoleta. 

Edmondiay de Koninck. 1 sp. 

Glossites, Hall. 1 sp. • 

Phthonia, Hall. 1 doubtful sp. 

Family Solenomyidse. Janeia, King. This heretofore little known 
genus is emended as to include shells having the aspect of recent Sole- 
nomya with narrow, extended anterior extremity, straight, toothless 
hinge and internal ligament. As present constituted it will cover many 
Devonian and later species whose generic traits lack distinctive em- 
phasis. 

Family Antipleuridae. Dualina, Barr. A doubtful sp. 

Silurina, Barr. 1 sp. 

Family Cardiol idsB. Proscardium, Barr. It is claimed that, in accord- 
ance with Neumayr's observation, this genus is edentulate. There is a 
triangular area beneath the beaks, the inner margin of which is crenu- 
lated by the ends of radial ridgelets. The species are all upper Devo- 
nian as in New York, and the rare form, P. vetustuiUj Hall, is identified 
with Kayser's Cardiola {P.) nehdenennis. 

Regina, Barr. The recognized diff'erence between there forms and 
those which have been referred to Puella [Panenka] is in the promi- 
nence of certain of the radial ribs. There seems to be no evidence of 
hinge or of the subcardinal area characterizing most of the Cardiolidai. 

Puella {Paneuk(t), Barr. 8 sp. Lower — lower upper Devonian. 

Enthydesma, Hall. This is for the first time and with undoubted 
correctness placed with the pala^^oconchs. The only species is E. Bey- 
richi of the lower upper Devonian. 
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Tiaraconx*ha^ Freeh. {Slava, Barr.) The recognition of Freeh's 
term proposed as a substitute for Barrande'S mueh more euphonious 
name Slai^a is without justifieation. Only to a German is the name 
barbarous because of its teheehish origin. These are inflated shells, 
hingeless and with an obscurely defined cardinal area. The early parts 
of the shell are concentrically marked but in later growth a radial 
plication is assumed. 3 sp. middle and upper Devonian. 

Buchiola, Barr. {Olyptocardia, Hall.) Here is a really first success- 
ful attempt to resolve the great mass of material everywhere known in 
the Devonian as Cardiola retrostriata into minor divisions or "species.** 
The undertaking is a praiseworthy one as it helps to a better under- 
standing of the relation of widely distributed variations of form. The 
author designates 17 species all adhering pretty closely to the type of 
Cardiola retrotstuata, and these are distributed from the lower to the 
upper Devonian. It is not likely that this type in New York though 
abundant and having a similar range is susceptible of so narrow 
division. The hinge-structure has been unknown and the sentence 
'' Inneres unbekannt " is still passed upon it. [The writer's prepara- 
tions of Portage specimens of B. speciosa show a linear hinge-line which 
is somewhat elevated, and finely denticulate, the inner part apparently 
raiped above the outer from which it is separated by a clear line, this 
line having the aspect of the margin of a very narrow subapical area]. 
Opisfhocoelus nov., includes Cardto/a-like species with sharply defined 
concave area behind the beak and a triangular ligament area. Lower 
upper-Devonian . 

Cardiola, Broderip. This genus is left as a sort of catch-all for palse- 
oconchs whose hinge structure is not understood. Nothing new is as- 
certained with reference to the structure of the type species. The 18 
species here referred to the genus are certainly heterogeneous, as shown, 
if in no other way, by the affinity of some to certain New York intu- 
mescens-zone forms whose critical structure is known to render them 
quite distinct from Cardiola. 

Lunulicardium^ Mttnster. A great service toward bringing order out 
of the chaotic maps of species commonly referred to this genus has 
been rendered by the close restriction of this term. It may be objected 
that the writer here, as elsewhere at times, has not been sufficiently cau- 
tious about determining the characters of the genus from the type species 
and in the absence of a specified type from the first described species. 
The first species of Lunulicardium is L. seinistriatuniy pretty clearly 
defined and figured. Whether this is congeneric with Beushausen's 
conception is difficult to say. Mflnster seems to have erred in one di- 
rection, in referring to the broad posterior vertical fiattening of the 
valve as a lunule, hence speaking of it as anterior, but Beushausen 
construes this a posterior ligament area and finds a true lunule on the 
other side of the beak. As now restricted the shells are subcircular, 
without dehiscence and radially plicate, and represented here by only a 
single sx)ecies. 

Cha*nocardiolay Holzapfel. This is one of the genera set oflf from 
Lunulicardium. It is emended by the author to include equi valve. 
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radially lined shells, without lunule, gaping in front, with beaks bent 
backward, the cliff being very long. The shells have the aspect of 
Hemicardium and were so termed by Barrande. Six species are de- 
scribed from the middle and upper Devonian. 

Prochasmaj nov. Another group of Lunulicardium- formB in which 
the outline is elongate, the anterior cleft in the valves transects the 
beak, is shorter and more oblique than in CJicenocardiola. The surface 
of the valves is generally without radial ornament. The 10 species de- 
scribed are from the upper Devonian. 

Family Conocardiidse. Conocardiopsis^ nov. Introduced for a pingle 

species (C. lyelli d'Arch. and de Vern. Middle Devonian) in which the 

posterior slope is carried out into a short open tube and, on the anterior 

slope the valves gape. It is regarded a passage form from Lunuli- 

cardinm to Conocardium. 
CoHocardiuni, Bronn. 13 species. 
In a chapter on the **Systematik *' of these fossils, some interesting 

points are brought forward, those pertaining to the value of Neumayr's 
general divisions being suggestive. Neumayr proposed as one of his 
ordinal terms, Palseoconchae, for a group of thin shelled, toothless 
species in which were included a number of familiep, the Cardiolida*, 
PraecardiidaB, Lumulicardiidse, Antipleurida^, etc., etc. These shells are 
highly developed in the Silurian and lower Devonian faunas of the 
Bohemian basin and Neumayr*s observations were larp^ely derived from 
their occurrence there. They constitute a peculiarly interesting, if 
heterogeneous group and are all in need of closer study than their great 
delicacy of structure has yet permitted them to receive. They are 
abundantly represented in the lower upper Devonian of New York. 
Neumayr held this order to be primitive and the points of departure of 
those more highly differentiated. Numerous arguments have been 
brought forward against this view, the entire group being actually of 
comparatively late paleozoic age, undoubtedly occurring in some meas- 
ure in the upper Ordovician of certain localities, but nevertheless re- 
maining an emphatically Devonian association. The taxodonts are 
much more ancient and Jackson has demonstrated their primitive char- 
acter from a study of the mode of development in these shells. Though 
it is now difficult to understand the precise relation of these *'pal»o- 
conchs" to other recognized orders of the lamellibranchs, it would seem 
that the author more nearly approaches the truth in his sugsfestion that 
they are of an obstructed and reverted type. The name is here fo»-mally 
rejected, both on account of its being a misnomer and because of its 
incongruity as an ordinal term. In its place, to embrace three of its best 
known families, the Cardiolidae, the Lunucardiida; and the Conocardii- 
dae, is introduced the new ordinal term Cardiocoucha}. 

Two closing chapters of this work are entitled "The geological distri- 
bution of the bivalves in the Rheniph Devonian and thoir significance 
in stratigraphy," and "The relations of the bivalve fauna to the facies 
development of the Rhenish Devonian." In the latter chapter many 
interesting facts pertaining to bathynietric distribution are brought out. 

one of which is that the paia^oconchs are largely if not exclusively deep 
sea forms. j. m. c. 
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CORRESPONDENCE. 



Note on a recent review on tabulate corals. The '^review" oi 
voay recent work on the Alcyonarian (Tabulate) corals, that appears in 
the July number of the American Geologist (p. 37), contains some 
suggestions that might be worthy of further discussion were they not 
accompanied by others which indicate that they are not scientifically 
intended. A reviewer may be pardoned for his inability, but this one 
pays disrespects to the veracity, not only of the author but also of those 
who approved his thesis. For example compare the following quota- 
tions: *'The aim of my work consists, first of all, in establishing the 
significance of the characters that one observes in the Tabulata: to this 
end it has been necessary to study numerous species to the smallest de- 
tail, even by aid of thin sections prepared by myself; * * * * bo 
far as possible I have investigated all facts anew from the specimens.'^ 

The above quotation is from the article reviewed; the following is the 
reviewer's statement* *'Not only not performing investigations himself, 
but not even taking advantasje of investigations already made, whether 
in the field of zoology or paleontology, he pursues a theoretic course in- 
dependent of facts of supreme importance ready to his handt-'' The 
review contains several such inaccuracies. It is of course not necessary 
to take further cognizance of them. 

Mr. Girty is the author of some apparently very accurate investiga- 
tionson the genus Favosites.^'X His publication was issued several weeks 
before my thesis on the corals was sent to press, but a copy of it came 
to hand too late for recognition. The facts therein presented would 
else have been eagerly added to my own results, since they supple- 
mented mine perfectly. His theories, on the other hand, are directly 
opposed to mine on the subject of the relation of Aulopora to Favosifes. 
It is, however, unkind in him to assert that my the<:)ries were formula- 
ted from other sources than from original investigation. 

Minneapolisy July 22, 1S96. F. W. Sardeson. 

The Plains Permian. In his '"Classification of the Upper Palaeozoic 
Rocks of Central Kansas" (Journal of Geology, vol. in, nos. 6 and 7), 
Prof. Prosser applied the name Marion (first) to the '*Marion flint and 
concretioniiry limestone,'' a member of the Chase formation, and (sec- 
ond) to the "Marion formation," a body of limestones, gypsums and 
shales outcropping above the Chase. 

In my recent article, "The Permian System in Kansas" (Colorado 
College Studios, vi), I have pointed out the unity of the Marion forma- 
tion with the lower or greater salt measures of Kansas and have applied 
to the formation, in this \vidv»r purview, the name Geuda. Under the 

*"Der Zwcck inoiner Arbeit bosteht in ereter Linio darin die BedeiitnnK der Merk- 
raalo, die mau bji dem Tabulateu l>»«)bachtet, festzustellen ; liierzu war es uOthlK. 
zahlreicbe Arteii bis in.s kloin^te Dotail hiiioiii, auch mit Httlfe selbstan(Breferti*?ter 
DQnuHchliffe zu studirou; ♦ ♦ • ♦ soweit als mOf?lich Iiabe ich alio Angrabeu an 
Examplareu nacliuntersuclit. iind dies war durcliaii!* nAthi^." Neues Jahrb. Boila- 
lireband X, p. 255, linn 15. 

f American Geologiht. vol. 1?S, p. 3.s, lino 4<). 

tAMERICAN OeOLOOIMT, Vol. XV, p. 131. 
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Decessity of chocNsing between the two Marions proposed by Prof. Prosper^ 
I viewed that first defined in his article, namely, the Marion fiint and 
concretionary limestone as the established Marion and substituted for 
the other the name Gieuda. In doing this I was fully aware that in an 
important sense the two stratigraphic values for the name Marion had 
been simultaneously proposed, having been defined in the same article^ 
and that either might be retained as the valid one on the author *s with- 
drawal of the other. 

Recent correspondence between Ptof . Prosser and myself has led to 
the substitution of a new MS. name by the latter for the previously so- 
called Marion member of the Chase. The term. Marion formation, is 
thus given an unclouded standing and I acknowledge its priority over 
any other for the formation next above the Chase. F. W. Cragin. 

Colorado Springs, Colo,, May 30, 1896. 



PERSONAL AND SCIENTIFIC NEWS. 



OBITUARIES. 
Gabriel Auouste Daubree: born June 25, 1814; died May 29, 1896. 

Little more than a year after the death of Jame? D. Dana, 
Geology loses also Daubree of France and Prestwich of Eng- 
land. Each of these three geologists, the most eminent in 
their respective countries, bad attained the ripe age of more 
than eighty years. 

Daubree was born at Metz, studied at the Polytechnic 
School in Paris, and began his life work as a mining engineer. 
At the age of twenty-five he was called to the recently estab- 
lished professorship of mineralogy and geology at Strasbourg, 
where he remained more than twenty years. In 1861 he suc- 
ceeded Cordier as professor of geology in the Natural History 
Museum in Paris; and later he became a professor in the 
School of Mines, from which, in 1884, he retired with the title 
of Honorary Director. 

'*Much of his long life was devoted to the prosecution of 
chemical, physical, and mechanical experiments, whereby he 
sought, with singular success, to imitate in the laboratory 
many of the phenomena of nature. Light was thrown by his 
researches upon various subjects, which in an exceptional way 
need illumination; such as the origin of mineral veins, the 
thermal and dynamic metamorphism of rocks, and the nature 
and affinities of meteorites." 

The methods and results of these researches, originally 
published'in many short papers, were gathered in 1879 to form 
the large treatise entitled **Etudes synthetiques de Geologic 
Experinientale." The next year Daubree received from the 
Geological Society of London the WoUaston Medal, very ap- 
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propriately awarded during the presidency of Sorby, the dis- 
tinguished English experimental geologist. Another most 
valuable work by Daubree, entitled "Eaux Souterraines," in 
three volumes, was published in 1887. 

During his later years, with leisure and well merited hon- 
ors, Daubree took great interest in public affairs and much 
enjoyed the society of his friends, among whom two other oc- 
togenarians, Daraour and Des Cloiseaux, shared with him the 
distinction of being the veterans of science in the capital of 
France. w. u. 

Joseph Prestwich: born March 12, 1812; died June 23, 1896. 

Prestwich was born at Pensbury, Clapham, near London. 
After two years at school in Paris, his education was com- 
pleted in the then new University College, London, where he 
evinced strong preference and ability for chemistry and the 
natural sciences. He was led by circumstances, however, to a 
life of business, in which he was closely engaged, although 
also continually pursuing geologic investig*»tion8, till he 
reached the age of sixty years. His business engagements 
required him to travel much throughout Great Britain and in 
France and Belgium, giving him frequent opportunities for 
geologic field studies and collection of fossils in the most in- 
teresting localities, and for acquiring personal acquaintance 
with the most prominent naturalists and geologists. In 
France these included Deshayes, D'Orbigny, Lartet, De Ver- 
neuil, Daubree. Gaudry, and others, with whom lifelong 
friendships were thus begun. 

So earlv as 1831-32 Prestwich devoted his holidays to a 
thorough examination of the coal field of Coalbrook Dale, and 
his memoir on that area was published in two parts, in 1834 
and 1836, in the Transactions of the Geological Society of 
London, with paleontological notes by his friend. Prof. Mor- 
ris. This work was followed, ten years later, by a series of 
papers in the Quarterly Journal of the same society, on the 
strata of the London and Hampshire Tertiary basins, by 
which Prestwich took his place in the front rank of British 
geologists. In 1849 the Geological Society awarded to him 
the Wollaston Medal for these researches. 

In 1859 Prestwich visited the valley of the Somme, in 
France, confirming the remarkable discoveries of Boucher de 
Perthes and convincing his own countrymen, Sir John Evans, 
Godwin-Austen, and other geologists, that some of the flints 
there found are implements of human workmanship and in 
undisturbed gravels of great antiquity. In recognition of the 
importance of this work, and of other papers on the erosion 
and drift terraces of valley's in southern England, he received 
in 1865 a medal of the Royal Society. The opposition of the- 
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ological and other prejudices, which stood in the way of ac^ 
ceptance of the evidence of man^s geologic antiquity, can 
Hcarcely be understood at the present time, though less than 
forty years have passed since those now forgotten controver- 
sies. 

Having retired from business in 1872, Prestwich was ap- 
pointed in 1874 as the successor of Prof. Jc^hn Phillips in the 
professorship of geology at Oxford, where he taught until 
1838. He was president of the Geological Society in 1870-72; 
vice-president of the Royal Society, 1870-71 ; and president 
of the International Congress of Greologists at its Londoa 
session in September, 1888. On January 1st of the present 
year knighthood was conferred upon him by the Queen. The 
first volume of his text- book of geology was issued in *1886; 
and the second, containing an excellent geological map of 
Europe, in 1888. Three years later "he took up the defence 
of the rough flint implements found by Harrison on the chalk 
downs of Kent, a discovery almost as memorable as that of 
the implements in the gravels of the St)mme." In other stud- 
ies Prestwich wrote very fully of the "head'' or "rubble drift" 
of England and Wales, France, and the Mediterranean region,, 
as noted, with criticism, in the American Geologist for April, 
1894 (vol. XIII, pp. 275-279). 

From a biographical sketch by Dr. Henry Woodward in the 
Geological Magazine for June, 1893, with a portrait, we learn 
that, since Prof. Prestwich's retirement from the Oxford chair,, 
he has mostly resided at his country seat, Daren t Hulme, 
Shoreham, Kent, a charming house built to his own taste some 
twenty-five or thirty years ago, full of quaint geological pic- 
tures, and even in its architecture illustrating geology at ev- 
ery turn. There he divided his time between his garden and 
his library, "always in association with Mrs. Prestwich, hi& 
ever-constant companion and most enthusiastic scientific 
friend, adviser, and co-worker." w. u. 
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THE SO-CALLED SOCORRO TRIPOLI. 

C. L. Hbrbtck, Granville, O. 
(Plates IV and V.) 

In several localities in the United States there are known 
beds of what is called tripoli or " American tripoli." Notable 
among these are deposits at Seneca, Newton county, in south- 
western Missouri. According to O. H. Hovey* the Newton 
deposit is known to underly between eighty and one hundred 
acres, in an elliptical area, with a thickness of from ten to 
twenty-five feet. It is everywhere underlaid by stiff red clay, 
seams of which penetrate the tripoli in various directions. 
Attention is called to this bed because it, like the bed under 
consideration, is not a true tripoli, i. e., it is not an infusorial 
or diatomaceous earth, but of mechanical or chemical origin. 
It is also interesting on account of certain conflicting theo- 
ries as to its origin. Thus Hovey concludes that the tripoli 
is derived from the flint or rather the chert of the country 
rock — a cherty lower Carboniferous limestone — by some pro- 
cess of decomposition which has left behind a very fine grained 
porous material. No details of the process of such decompo- 
sition have been suggested so far as known to the writer. 

The tripoli has been analyzed by W. H. Seamon, now direc- 
tor of the School of Mines at Socorro, with the following 
results: 



♦Scientific American Suppl., June 28, 1804. 
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SiOg 98.10 per cent. 

Al.,0.3 0.24 



n i» 



FegOaandFeO 0.27 »* ** 

Cab 0.184 



(t ii 



Na.p 0.23 " " 

The organic matter is not over .008%. Professor Seamon 
suggests a different origin for this substance, viz. that it is 
produced by the exhaustion of the so-called " tallow cla^^s" of 
this region. These clays were described by professor Seamon 
in an article in the American Journal of Science of January, 
1890, under the title " Zinciferous Cla^^s of S. E. Missouri 
and a Theory as to the Growth of the Calamine of that Sec- 
tion." In connection with these beds Mr. Seamon has found 
decomposition products of a siliceous character greatly re- 
sembling the tripoli beds. The writer has been able to make 
a comparative microscopic examination of the various sub- 
stances referred to through the kindness of director Seamon. 
The tripoli itself is a granular aggregate with the average 
grain less than .01 mm. in diameter, though there is an ad- 
mixture of larger particles. The grains are irregular in form 
but are apparently crystalline rather than amorphous (in the 
absence of polariser this may be left an open question). A 
specimen of the decomposed chert, such as would be essential- 
ly identical with the tripoli upon the hypothesis advanced by 
Mr. Hovey, has a ver^^ different texture and seems to be a very 
unevenly sorted amorphous powder. While not denying that 
by a sorting under water this decomposed chert might give 
rise to beds like those in question, it yet is not easy to see how 
such deposits could occur under the conditions here prevail- 
ing. 

On the other hand, a specimen of exhausted tallow clay 
taken from one of these beds, under the microscope, is almost 
indistinguishable from the tripoli. Passing now to the bed 
of so-called tripoli in Socorro county, New Mexico, we have a 
deposit of a very different nature and one for which we must 
apparently seek a very different origin. This deposit occurs 
on the east side of the Rio Grande, nearl}^ opposite the town 
of San Antonio. The immediate valley of the river, varying 
in width from six to twelve miles, is filled with stratified flu- 
vial deposits of sand, clay and gravel and the materials are, 
of course, such as may be derived from the adjacent forma- 
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tions. The greatly preponderating portion is of igneous rock, 
such as trachyte, rhyolite, andesite, basalt, etc. The hills on 
the east side of the river in this vicinity are, however, com- 
posed of stratified rocks of Carboniferous age, including some 
600 to 700 feet of sandstone and dolomitic limestone with 
some interbedded gypsum and anhydride. At the foot of this 
exposure, and nearer the river, is an eruptive dyke not yet 
studied. There is everywhere evidence of volcanic displace- 
ment. On the western side of the river is a very interesting 
series of moniliform eruptions along a subordinate axis, giv- 
ing rise to flows of andesite, trachyte, rhyolite and a great 
variety of contactual varieties, now being studied. Among^ 
these flows in the special region under discussion, there is a 
notable absence of the glassy and vescicular phases of vulcaa- 
ism. There are no less than six craters or cores within a few 
miles of this locality, mostly of a distinctly acid nature, the 
most basic flow observed being an augite-andesite, and this 
only at the base of a trachyte core. Yet in only one instance 
have we encountered a glassy lava of the acid series. This 
obsidian is rather remarkable in itself and is of a creamy whi De 
color with few microscopic inclusions and remarkably .free 
from microlites. It tends to be scoriacioue and exhibits 
beautiful flowage structure. An analysis made by Mr. Leo 
Suppan of the Socorro School of Mines is as follows: (Num- 
ber 146 Socorro series, south end of the Socorro mountains.) 

SiOo 72.052 per cent. 

Al.p*!j 10.812 * ' 

MgO 1.124 *^ 

CaG 9.0 ** 

Fe Trace. 

Alkalies Not determined. 

This occurrence and the high percentage of silica of the 
scoria is suggestive in explaining the **tripoli" deposit to 
which we now pass. This area is evidently a minor basin 
within the fluviatile sands. The depression cannot have been 
very extensive or deep and must have been at least tempora- 
rily connected with the river waters or a lagoon. The upper 
stratum in the adjoining terranes is a loose pebbly crag re- 
posing on sand and clay beds of undoubted fluviatile origin. 
Within the basin, which may originally have been half a mile 
in diameter, the ordinary crag is replaced by a very peculiar 



138 The American Geologist, September, 1896 

scoria-crag, from six to eight feet thick, but evidently thin- 
est near the margins. The matrix of the crag is a sort of tuff 
with more or less concretionary aggregates of siliceous sand, 
but the bulk of the formation is composed of irregular frag- 
ments of scoria resembling pumice, varying in size from mi- 
nute particles to fragments eight to ten inches in diameter. 
This scoria has been quarried and used for fire kindlers, for 
which purpose it is well adapted, as it will absorb a sufficient 
quantity of oil to kindle a coal fire easily. In some places the 
crag is chiefly composed simply of concretionary aggregates, 
composed of fine particles, evidently derived from the scoria 
by abrasion. Immediately below this scoria-crag is a layer of 
three to four feet of homogeneous, rather close-grained 
"tripoli," which has been worked to some extent as a polish- 
ing powder. It is white in color and under the microscope 
reveals small flakes of the concentric plates, similar to those 
formed by powdering the scoria. These plates and scales are 
of amorphous silica glass plainly derived from the scoria. 
That the composition of the scales differs from that of a typ- 
ical acid obsidian seems to be clear from a comparison of 
analyses. The change must be due to a process of leaching 
which has increased the silica content. An analysis of the 
scoria made by Mr. S. J. Gormley, of the School of Mines of 
Socorro, is as follows: 

SiO^ 91.206 

Al^O., 1.022 

Fe.p3 a343 

CaO 1.235 

M|?0 Trace. 

Volatile 2.14 

97.741 
An analysis of the '*tripoli" immediately beneath the scoria- 
crag is as follows : 

SiOg 82.056 

Al.,0.j 3.746 

Fe^iOa 3.24 

Cab 911 

MgO 1.375 

Volatile 6.42 

97.748 
If our supposition is correct, that the "tripoli" is derived 

from the scoria, it is obvious that other materials have entered 
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into the former — such, no doubt, as form the earthy portions 
of the scoria-crag. 

It may be noted that many samples of the scoria have mi- 
nute microscopic crystals which polarize highly and have the 
optical properties of quartz and sanidin respectively, other- 
wise the siliceous lamellw are isotropous in both **tripoli" and 
scoria. 

Beneath the *'tripoli" is a bed of yellowish sund, with irreg- 
ular layers of tough reddish clay ; still below this is a very 
fine grained stratum of yellowish "tripoli" which, while evi- 
dently less pure, is mechanically better suited to serve as a 
fine abrasive than the relatively coarse upper layer. Its 
composition, according to the analyses made by Mr. Gormley, 

is as follows: 

SiOg 79.416 

AI2O3 1.391 

Fe.p3 6.245 

CaO '. 2.43 

MgO 1 .485 

Volatile 6.06 

97.04 
The silica content is here only a little higher than in some 

acid glasses, but the evidence shows that this composition is 
due to foreign admixture. 

As to the method of formation we are shut up to a narrow 
range of possibilities. It may be assumed that a local basin, 
at a comparatively late period in the history of the valley and 
during an interval of subsidence of its waters, was filled by 
debris from a scoria bed. At this time the river erosion may 
have exposed and attacked such a flow as that first above de- 
scribed, and either transported the floating scoria to the rela- 
tively quiet eddy where they triturated each other until the 
tripoli was formed or else the debris of such triturated materi- 
al was swept into the quiet retreat. In any event, with the 
filling of the basin the fiotsam of scoria finally was stranded 
in the superficial layers forming the scoria-crag as we now 
find it. The extent of the beds has been but roughly esti- 
mated at from 300 to 400 feet in east and west diameter, and 
eight to ten times as great in north and south extension. A 
large portion has been eroded and washed away by periods of 

high water, although it is now far above reach of the river 
action. 
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The beds will ultimately have some economic importance as 
abrandants or filters. Probably by grinding between burrs 
and sorting by a cetrifugal a good quantity of polishing pow- 
der could be obtained, though lacking in the ** tooth " of gen- 
uine " tripoli/' For filtration and absorbents the material is 
admirably suited. The relative freedom from iron and impur- 
ities is a very important element. 

Geologically the occurrence is especially interesting, as the 
material in this form seems to be unique. 

For specimens and information respecting these beds the 
writer is indebted to Mr. Geo. H. Thwaitesof Socorro, and for 
laboratory facilities and the included analyses to professor 
W. A Seamon, director of the New Mexican school of mines. 
EXPLANATION OF PLATES IV AND V. 

Plate IV. General view in the Rio Grande valley looking north. The 
**tripoli" beds in the foreground. Three ranges appear in the distance 
on the opposite or west side of the river. They are the following, pass- 
ing from left to right: The Socorro mountains, the Limitar range, the 
Ladronnes. 

Plate V. Nearer view of the "tripoli" showing the upper scoria-crag 
and middle **tripoli" deposits. 
Photographed by J. E. Smith, of Socorro. 



PAL/EONTOLOGY AND THE BIOGENETIC LAW.* 

By Karl von Zittbl. 

Palaeontology has long since ceased to place itself exclusive- 
ly at the service of geology as the study of characteristic fos- 
sils. It has gradually grown into an independent branch of 
the biological sciences, and claims a share in all their move- 
ments and tendencies. The conclusive establishment of the 
doctrine of descent has evoked the most powerful revolution 
in descriptive natural history, influencing and transforming 
its whole method of research. No large palteontological work 
of to-day contents itself with the description of new forms, 
the comparison of them with those already known, and the 
arrangement of them in systematic order. To determine the 
generic relationships, the ancestry, the modification, and the 
further development, in short, the race-history or phylogeny 
of the organisms under consideration, is now regarded as es- 
sential, by many indeed as the chief end of palieontology. 

♦A paper read before the International Congress of Greologists, 1894. 
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As Darwin forcibly insisted, the doctrine of descent depends 
in no small degree on palteontological facts. Thus, the great 
similarity of the fossils occuringin strata immediately super- 
posed one on another, e. g., the brachiopods, ammonites, and 
other molluscs, had made it difficult for geologists to deter- 
mine the age of sedimentary rocks. In recent years a great 
number of closely-allied species have been traced through 
several superposed beds, stages or divisions of formations, 
their exact morphological relationships have been studied in 
the most careful manner, and thus the probability at least has 
been established, that we are here dealing with a genealogical 
sequence of blood-relations. To be sure these do not as a rule 
form complete? chains, wherein mutation is linked with muta- 
tion and species with species. They are rather discontinuous 
series, of which all the members change in a definite direction 
and obviously form steps in a line of development, which 
culminates in the last extinct or still-existing representatives. 
Among the better-known series of forms I will only refer to a 
few. The succession of genera, which leads from Ilyracother- 
itim — perhaps, indeed, from the five-toed Phenacodus — through 
Pnloplotherium^ Anchilophus^ Anchitherium, and Ilipparion, 
to the single- toed horse, forms one of the most quoted and 
most beautiful examples of phylogenetic development. No 
less complete a series is presented by the genealogical tree of 
the camels, which already appear during the Eocene in North 
America, spread there in the Miocene and Pliocene, and then 
first emigrate to the old world. The pigs, also, and the Oreo- 
dontidii?, Anoplotheriidae, Tragulidte, and the ruminants 
studied in so masterly a manner by Riitimeyer, afford us more 
or less complete genealogical series, beside which may be 
ranged the crocodiles among reptiles, the Amioidei and Phy- 
sostomi among fishes. If we glance over the.se phylogenetic 
series, wo observe that the final terms are almost always dis- 
tinguished from their predecessors by a more pronounced 
and distinctive ditt'erentiation ; and since we are accustomed 
to assign a higher rank to a specialised organism in which 
every function is performed by a special arrangement, 
than to a creature which performs its functions with few and 
less complicated parts, phylogenetic development, as a rule, 
implies also progression and perfection. For the existence of 
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the chain of forms already mentioned, to which many others 
may be added, there is only one rational explanation, namely, 
that the various links in them have arisen one from another, 
and are connected by blood-relationship. Moreover, the simi- 
larity of the faunas and floras which are nearest to one another 
in geological age. as well as the geographical distribution of 
extinct and still existing plants and animals, can only be sat- 
isfactorily explained on the assumption of descent. 

But, although an abundance of palreontological facts can 
be cited in the most convincing manner in favor of the theory 
of descent, on the other hand we must not forget that we 
know no point of origin for numerous independently arising 
creatures, and that the connection between the larger divisions 
of the animal and vegetable kingdoms is by no means so inti- 
mate as the theory especially postulates. The jubilation 
with which the discovery of Archo'opteryx was greeted at the 
time shows at best that links had previously been wanting 
between two classes which among vertebrates undoubtedly 
exhibited the closest relationships. Further, Archopopteryx 
fills the gap between birds and reptiles only in a very imper- 
fect manner, and affords no indication of the point at which 
the former have branched from the latter. It may, indeed, 
be maintained that we find ourselves to-day in greater uncer- 
tainty as to the origin of birds than we were twenty-five years 
ago, when Huxley's brilliant researches on the pelvis of the 
Dinosauria seemed to have found the bridge between the two 
classes. Links between the Amphibia and Reptilia are also 
still wanting. Perhaps they are to be found among the varied 
Theromorpha, but as yet paheontology cannot determine the 
phylogenetic modification of the amphibian into the reptilian 
type. No zoologist will deny that the Mammalia hold an en- 
tirely isolated jiosition, separated by a wide gulf from birds, 
reptiles, amphibians and fishes; while among all known mam- 
mals it is not some old fossil genus, but the duck-bill, still 
living in Tasmania, which most reminds one of the more lowly 
organized vertebrates. Certainly we still know too little about 
the skeleton of the Mesozoic mammals, and especially the 
Allotheria, for us to form a final opinion on this point. But 
the warmest adherents of the theory of descent must at all 
events admit that extinct links between the different classes 



Palaeontology and the Biogenetic Law, — von ZitteL 143 

and orders of the vegetable and animal kingdoms are forth- 
coming only in a small and ever-diminishing number. 

Nevertheless, in the larger groups we know numerous series 
of forms, which not only bear witness to the great plasticity 
and adaptibility of their members, but also in their chrono- 
logical order indicate the line along which modification has 
taken place in course of time. To be sure, much uncertainty 
and the personal equation of the authors attach to those 
genealogical trees that are based entirely on the morphologi- 
cal comparison and determination of the chronological se- 
quence of the forms met with. "It is easy to accumulate 
probabilities, hard to make out some particular case in such a 
way that it will stand rigorous criticism," was Huxley's 
caution so long ago as the year 1870, in his classic address to 
the Geological Society of London; and one of the most spirit- 
ed veterans in the field of mammalian paleontology decides in 
his last exhaustive monograph on the fauna of Egerkingen, 
that the creaking and crackling of leaves and branches already 
decayed does not encourage one to set foot in the hastily- 
explored forests of phylogenetic trees. None the less does the 
tracing of the hidden bonds of relationship exercise a fasci- 
nating charm over every investigator. All of us, indeed, are 
convinced that the mutual relationships of the extinct and 
still-living members of any large group of organisms may be 
represented, not in the form of an entangled network, but in 
that of a much branched tree. 

In addition to the above facts there is still another series of 
phenomena which confirms the genetic connection of the palte- 
ontological chains of forms, and this was first observed, 
strangely enough, by one of the most distinguished opponents 
of the theory of descent. Louis Agassiz certainly regarded 
the fossil embryonic types as creative attempts which pro- 
phetically foreshadowed genera that appeared later with more 
mature characters. Fossil creatures with persistent youthful 
and even embryonic characters could not fail also to be no- 
ticed by the adherents of the theory of descent, but were 
regarded as favoring a view which recurred in very different 
forms in the philosophical literature of the first decades of 
this century and which has lately been precisely formulated 
by our great German zoologist, Ernst Haeckel, under the name 
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of the **Biogenetic Law/' According to this the development 
or ontogeny of each individual is only a short recapitulation 
of the long course of ancestral history (phylogeny) of the 
species or family in question. There must, therefore, also be 
chronological series of fossil embryonic types which would 
correspond with the dilierent stages in the development of a 
subsequently existing form; indeed, the separate divisions of 
a genealogical tree must correspond essentially with the onto- 
genetic stages of a determined course of development. If the 
biogenetic law were correct, embryology would thus be in a 
position to reconstruct, at least approximately, the primitive 
forerunners of each group of plants and animals ; and these 
types should, if they were capable of preservation, also lie 
buried in the rocks. 

If we consult palaeontology, it shows that these surmises 
are by no means confirmed. Thctre are, indeed, a great num- 
ber of fossil genera which retain throughout life the embry- 
onic, or, rather, the youthful characters of their existing 
allies, but it is only among the mammals, and to some extent 
among the reptiles, that I could name a complete series of 
forms following one another in time and belonging to the 
same line of development. The Eocene, Oligocene and, in 
part also, even the Miocene Mammalia, stand to their now 
existing allies, for the most part, in the relation of youthful 
forms, while they, almost without exception, exhibit at least 
some characters which are quickly passed through by their 
geologically younger successors in the embryonic or youthful 
stage. On the other hand they are, as a rule, destitute of the 
most striking peculiarities, such as antlers, bony processes, 
fusion of certain bones, reduction of the teeth or of separate 
parts of the skeleton; and it is not till we study more closely 
a series of related genera of different geological ages that we 
see how the differentiations and peculiarities of the existing 
representatives of any particular group have been gradually 
formed in course of time. But thus it is also possible to dis- 
cover, in most of the mammalian orders, a number of primi- 
tive characters, which, while they frequently occur united in 
the oldest representatives of the group in question, also usually 
correspond to an embryonic stage of one of its living 
members. 
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The ontogeny of organisms now living would, for the rest, 
afford but an exceedingly unsafe basis for the reconstruction 
of ancient faunas and floras, since experience teaches that 
the biogenetic law is frequently veiled or complet-ely obscured 
owing to various causes. Not seldom does it happen that of 
two nearly allied living forms the one passes through a series 
of continuous, successive stages, while development in the 
other takes place more by jumps. In the latter case the em- 
bryo is driven by peculiar influences to an acceleration of its 
development; it completely jumps over certain stages and 
thus renders unintelligible the historical (palingenetic) record 
preserved in the ontogeny of each individual. This falsifica- 
tion of development — or coenogenesis, as Haeckel calls it — 
chiefly occurs when the adult individual manifests a high de- 
gree of differentiation and when the embryo has to pass 
through considerable changes to reach its final form. How 
unsafe and deceptive palseontological results would be if at- 
tained by embryological paths may be gathered from some 
random instances. What wonderful ancestors would be con- 
structed for the crinoids by a zoologist who only knew the 
life-history of Antedonl The lowest portion of the family 
tree would have to present armless crowns, composed only of 
five basal and five oral plates, set on a stalk ; then would 
follow genera with five large basals, five tiny radials and five 
stout massive orals; then forms with five arms, at first short 
and later on simply branched; and so on. But I will not 
further elaborate the picture. All know that it does not in the 
remotest manner agree with the facts of palaeontology. What 
zoologist would conclude from the developmental history of 
the recent sea-urchins that the regular forms preceded the ir- 
regular, or again that the former had fossil ancestors of the 
type of the Perischoechinid«e and Bothriocidaridaj? In the 
ontogeny of the ccelent^rates there is no certain indication of 
the former existence of Cyathophyllida; or Cystiphyllidee. No 
observations of embryology would warrant our imagining the 
former existence of graptolites or stromatopores. No stage 
in the development of any living brachiopod informs us that 
numerous spire-bearing genera lived in Palajozoic and Meso- 
zoic times. These few instances might easily be multiplied; 
but they may suffice to show how trivial are the discoveries 
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concerning existence in earlier periods of earth history that 
can follow from ontogenetic researches alone. 

A further, indeed the practical, reason why ontogeny bears 
80 slight a relation to geology and paheontology, lies in the 
fact that the earlier stages of development, with which mod- 
ern embryology almost exclusively occupies itself, are not 
capable of preservation in the rocks, and that we can, there- 
fore, never expect to find their fossil archetypes. The changes 
which occur between the embryonic and the completed adult 
stages have, at least among vertebrates, not yet received the 
attention they deserve, and it is these very changes that are 
of special interest to the palaeontologist. 

In spite of these hindrances, fossil embryonic types are not 
entirely wanting, even among invertebrates. The palteozoic 
Belinuridaj are bewilderingly like the larvae of the living 
Limulus; the Pentacrinoid-larva of Antedon is nearer many 
fossil crinoids than is the full-grown animal ; certain fossil 
sea-urchins permanently retain such features as linear am- 
bulacra and a pentagonal peristome, which characterize the 
young of their living allies ; among Pelecypoda, the stages of 
early youth of oysters and Pectinid»« may be compared with 
palaeozoic Aviculidte. Among brachiopods, according to 
Beecher, the stages which living Terebratulidw pass through 
in the development of their arm-skeleton correspond with a 
number of fossil genera. Among completely distinct groups 
also, ontogenetic characters have been successfully traced. 
The beautiful researches of Hyatt, Wiirtenberger, and Branco 
have shown that all ammonites and ceratites pass through a 
goniatite- stage, and that the inner whorls of an ammonite 
constantly resembles, in form, ornament and suture-line, the 
adult condition of some previously existing genus or other. 

Series of forms whose successive links correspond with suc- 
cessive stages of development in their youngest, still existing 
representatives are the only ones that still furnish us with an 
uncontestable picture of the piith along which any given as- 
semblage has evolved. These are the kind of genealogical 
trees that form the worthy goal of palieontology. From them 
a natural svstem will arise of its own accord. But from this 
goal we are, unhappily, still far removed. As a rule, our paU 
ieontological tress lack an ontogenetic foundation, and that 
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the foundation itself maybe constructed in an arbitrary man- 
ner is best shown by the unsatisfactory condition of our am- 
monite-literature. 

The time, it seems to me, has not yet arrived for the thor- 
ough reform of zoological classification on a phylogenetic 
basis. Among Protozoa and Coelenterata there are absolutely 
no satisfactory fixed points for the phyletic arrangement of 
the various groups. Among Echinodermata it is proved that 
the correspondence in embryonic development between Astero- 
zoa and Echinozoa is evidence of a common origin ; but the 
classification of the various classes is as yet affected only to 
the smallest extent by the facts of ontogeny and phylogeny. 
The union of Bryozoa and Brachiopoda into a special phylum 
— the Molluscoidea, and their connection with the worms, de- 
pend entirely on embryological comparison : in their later 
development the two classes go so far apart that we can find 
no further parallel between them ; and although the beautiful 
researches of Beecher, Clark and Schuchert on the phylogeny 
and ontogeny of the Brachiopoda will furnish a sound foun- 
dation for a new and better classification of the class, the 
first adumbration thereof is still somewhat doubtful. On the 
other hand, researches on the development of the shell in Mol- 
lusca are, without doubt, full of promise. What results we 
have to expect in this field is shown by the labors of Jackson, 
Hyatt, and Branco, though it must be confessed they still af- 
ford no sufticient basis for a classification of the pelecypods 
and cephalopods. 

Palaeontology has made its deepest mark in the classification 
of the Vertebrata. Here we frequently come across firmly- 
rooted genealogical trees. PhjOogenetic and ontogenetic facts 
have effected the removal of the order Solipedia and the nat- 
ural grouping of the ungulates. The discovery of the fossil 
Condylarthra and Oeodontia has brought to light unlooked- 
for relationships between ungulates and carnivores. The re- 
markable fauna of the Puerco beds contains, according to 
Cope, almost completely indifi'erent types, which cannot be 
considered either as true ungulates, beasts of prey, or rodents, 
nor can they even be regarded as typical Condylarthra, Creo- 
dontia, or Lemuria : scarcely can they be dovetailed into the 
framework even of a geological classification, since they show 
relationships in the most varied directions. 
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And here we approach an important question of principle. 
The larger categories in botany and zoology are almost exclu- 
sively based on the investigation of forms that still exist; 
and it is only in those divisions where the fossil forms sur- 
pass the recent ones, in number or in variety of organization, 
that they, too, have been taken at all into account. As a rule 
it has been thought good enough to wedge in the extinct or- 
ders or families between the groups erected by the botanists 
and zoologists. Thus the foundations of the system remain 
intact. It is only recently that attempts have been made to 
reconstruct individual divisions of the zoological system, to 
a certain extent from below, on a pala^ontological basis. 
Thus, Scudder has established a sub-class, Palaeodictyoptera^ 
for all palffiozoic insects, because they possess a series of com- 
mon, indilferent characters and show as much morphological 
correspondence one with another as they do with the later 
Orthoptera, Neuroptera and Hemiptera, whose predecessors 
can already be clearly recognized among the palteozoic forms, 
although they have not yet attained the complete differentia- 
tion of their later descendants. Could we resurrect the nu- 
merous genera of the Puerco beds and place them among our 
fauna of to-day we should doubtless arrange them in one 
common order, more or less corresponding to the marsupials: 
for, like the marsupials, they possess characters that, at all 
events, point in the direction of orders more clearly differen- 
tiated later on, in which orders we are at present accustomed 
to enroll them. 

If the zoological and botanical systems were now to be 
created for the first time, they would in many respects prob- 
ably assume a different appearance. They would have to 
represent clearly the natural relationship and the derivation 
of the organisms. The geologically oldest representatives of 
any of the larger assemblages, which are as a rule also the 
most generalized and most primitive, would have to be united 
under a special name and would be regarded as the common 
root of the orders, families, genera, etc., proceeding from 
them. But it is only in a few cases that paheontology could 
furnish the materials required for a reform of this kind. As 
a rule, and especially among the invertebrates, the primitive 
generalized types are missing, and we should be obliged to- 
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begin with those branches and twigs from our stems which 
are already more clearly differentiated and of which the ma- 
jority stretch down as far as the creation of our own day. 
Here again, then, we should be led to ground our classifica- 
tions on' those organisms of which we were in a position to 
investigate not merely certain fossilisable elements, but the 
whole anatomy, physiology and embryology. 

The function of classification, however, is not only to ar- 
range organized beings according to their relationship, but 
also to facilitate our survey of life's infinite variety of form. 
It was to this intent that the older systematists constructed 
their various categories. They it is that have historic rights; 
and just as little as we geologists are inclined, without urgent 
need, to alter the historic conceptions and the divisions that 
have been handed down to us, just so little is it advisable to 
be incessantly remodelling the systems of botany and zoology. 
The doctrine of descent has, of course, violently shaken the 
solid framework of the older classification. The ideas — vari- 
ety, mutation, species, genus, family, order, etc. — have become 
indefinite and unstable ; the boundaries between the syste- 
matic groups are constantly being displaced, and bonds are 
burst that were once tightly bound. An important part is 
played to-day by subjective opinions, and when I think of the 
anxiety with which we elders — we who received our scientific 
education before the Darwinian era — proceeded to found a 
new species or genus and compare it with the light-hearted 
manner in which to-day species, genera, families and orders 
are set up and again put down, I am herein most forcibly im- 
pressed by the difference between then and now. The domi- 
nation of the Linna^an and Cuvierian principles threatened 
systematic biology with soulless paralysis: the unbridled 
subjectivity of recent times may easily lead to anarchy. 
When, after investigating a certain number of forms, every 
author feels called upon to reform the classification and 
where possible to introduce a new terminology, then arises the 
danger that we shall lose our comprehensive survey of the 
richly varied organic world and that we shall use a language 
intelligible only to the most narrow specialists and repellant 
to every layman. 



150 The American Geologist. September, 1896 

With this warning let me conclude. The theory of descent 
has penetrated the descriptive branches of natural science 
with new ideas and set before them a nobler goal; but we 
should never forget that it remains only a theory and one that 
has to be proved. I have tried to make plain how greatly it 
is indebted for its establishment to palveontologic research; 
only I dare not conceal how many gaps are constantly brought 
to light in the very process of our argument. Science strives 
in the first place for truth. And the more clearly we keep 
ourselves conscious of the insecurity of the foundation on 
which our scientific theories rest the more actively shall we 
bestir ourselves to strengthen it by new observations and new 
facts. 

[Natural Science, May, 1S95.] 
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Introduction. 
This paper is intended to give an account of the glacial 
sand-plains, witii their attendant morainal accumulations, 
which constitute the greater part of the stratified drift depos- 
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its bordering Narragansett bay. The studies here presented 
will appear in a less detailed account, and without the theo- 
retical considerations here given, in a forthcoming atlas folio 
descriptive of the Pleistocene deposits of the Narragansett 
Bay atlas sheet, the mapping of which was done under the 
direction of Prof. N. S. Shaler. It should be stated that while 
that geologist is in full accord with the author as to the na- 
ture of the deposits here discussed, the author alone is respon- 
sible for the views which are here set forth regarding the 
circumstances of the origin of the 'glacial sand-plains and 
their attendant deposits. 

The passenger by rail from Boston or Providence southward 
along the Shore Line cannot fail to notice a certain repetition 
in the landscapes observable from the car window. Going 
from north to south the views may be summarized as follows: 

1. Lowland or valley, from one to ^\t^ miles wide, either 
boulder-strewn and marked by mounds of gravel and an occa- 
sional esker or occupied by sluggish streams and swamps, and 
terminated rather abruptly on the south by the next. 

2. A terrace or steep bank facing northerly, often hum- 
mocky or kame-like. The train jilunges at once into a deep 
gravel or sand cut. From the edge of the terrace the sky- 
line of the cut gradually sinks to the southward and in a few 
minutes a view may be had out over the surface of the sand- 
plain. At a distance varying from a quarter of a mile to a 
mile this plain terminates in more or less well defined lobate 
spurs resting on ground of a variable nature, often boulder- 
strewn, but sinking usually at a short distance into a swamp, 
and in general repeating all the features described under the 
iirst heading. 

An analysis of these sand-plains shows that they character- 
istically have the steep northern aspect with cusps or kames 
indicating the dei)osition of the materials along and against 
the margin of the ice-sheet. Along the line of extension in- 
dicated by this contact with a now-vanished ice-wall, there 
are usually found other sand-plains, the accumulations thus 
marked forming belts from a quarter to half a mile in width, 
roughly concentric to the outer moraines along the southern 
coast between point Judith and cape Cod. 
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The gandy tracts between Providence and the mouth of 
Narragansett bay, first referred to the Tertiary, have long 
been known to be late glacial accumulations. They were re- 
ferred to the Champlain by Dana. In this paper it will be 
shown that these sands and gravels represent successive stages 
of retreat of the border of the ice-sheet northw^ard across the 
bay region ; that the southernmost of these deposits is the old- 
est and the northernmost the newest; and thus that they are 
not valley trains. In general terms their age may best be 
stated as newer than th^ Elizabeth Island or Cape Cod mo- 
raine and older than the Cape Ann moraine of Tarr. The 
accompanying map (plate VI), traced from the Narragansett 
Bay atlas folio of the U. S. Geological Survey, presents the 
distribution of the sand-plains in that area and exhibits by 
special designations the position of the ice-contact slopes or 
moraine terraces in accordance with a plan proposed in my 
recent paper on eskers.* 

Two stages of moraine building have been long recognized 
south of the field here described, an outer moraine including 
the superficial deposits of Block island and an inner moraine, 
here named the Charlestown moraine, skirting the southern 
coast of Rhode Island and forming the tip of point Judith. 
Retreatal Deposits on the West Side of the Bay. 

Narragansett bay sunders several glacial deposits that were 
evidently formed along ice-fronts more or less continuous 
across this inlet, so that it seems advisable to describe in suc- 
cession the deposits of each coast from south to north and 
then to attempt their correlation. 

THE CHARLESTOWN MORAINE. 

This name is employed here for that portion of the inner of 
the two moraines early recognized along the southern coast 
of New Enghind. It extends the length of the southern coast 
of Rhode Island from Fisher's island to point Judith. The 
moraine is mentioned here for the reason that it has been sup- 
posed to extend northeastward into the region of moraines 
about Wickford, R. I. The tracing on the ground of the ice- 
contacts shows that other inorainal belts come into the region 
about Wickford from the southeast, so that there was in that 



♦Some Tvpical Eskers of southern Now England, Proc. Boston Soc. 
Nat. Hist.,* vol. xxvi, 1894, pp. 197-220. 
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dlstriet a re-entrant angle in the front of the great ice-eheet, 
the position of which embayment is further marked by inter- 
lobate moraines of a bouldery nature extending northward 
along the western side of the bay essentially as was suggested 
by Chamberlin several years ago. Furthermore, the fact that 
the land for three miles north of point Judith is composed of 
glacial drift, mostly a dense blue clay, exceptionally gravelly 
and interpolated with stratified gravels, and having a low 
knob and basin topography, indicates the southward turning 
of the Charlestown moraine in this direction. 

THE SLOCUMVILLE STAGE. 

This stage of the ice-retreat is believed to be later than that 
of the Charlestown moraine. It is marked by a moraine ter- 
race extending from the west of Wickford Junction south- 
eastwardly along the northern base of Congdon hill, rising 
from 150 to 160 feet above sea level and from 60 to 100 feet 
above the low ground of intraglacial* drift at its base. From 
this moraine terrace or ice-contact slope an apron of sand and 
gravel stretches southwestward by Slocumville on the Shore 
Line railroad beyond the limits of the Narragansett Bay sheet. 

Southeastward from Congdon hill, where the ice- front rested 
against the crystalline escarpment of the western border of 
the Carboniferous basin, the moraine is not well defined. The 
road to the top ascends the crest of a short esker. An isolated 
patch of water- worn sand and gravel, beset with large boul- 
ders, on the ridge back of Saunderstown, R. I., is probably of 
morainal origin and marks the continuation of this moraine. 
Eastward of this point it has not been found. It is probable 
that the stand of the ice-front along this line was due to the 
resistance offered by the wall of the Carboniferous boundary. 
East of Saunderstown there is an open valley southward to 
the sea, which would have permitted the southward extension 
of the ice-front or the deposition of washed drift without 
high lying terraces. 

♦Intraglacicil (see Dana's Manual of Geology, fourth ed., 1895, p. 958) 
is here used for drift deposited in the field occupied by the ice, in con- 
tradistinction to extraglacial drift which has come to rest on ground 
not actually covered by the ice when it was depopited. According to 
Prof. Dana's use of this term, however, it would be synonymous with 
englacial, as Prof. Chamberlin designates the drift enclosed in the 
lower part of the ice-sheet. 
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Westward in the region of the interh)bate axis this moraine 
probably connects witli the Queen's River moraine described 
by Woodworth and Marbut in llie Jovrnal of Geolofjy, 

TIIK WICKFORD SUB-STAGES. 

Interior to and northward of tlie Slocumville stage of re- 
treat there are several subparallel ridges and terraces of 
stratified drift and mounds of till with occasional frontal 
overwash plains. These accumulations seldom exceed twenty 
or thirty feet in altitude. The till ridges and knobs are well 
developed in the vicinity of the railroad stati(m at Wickford 
Junction. On the west of the railroad there is exhibited the 
characteristic relation of submarginal till mounds to the 
sand-plain formed outside of the ice as indicated in the ap- 
pended section (figure 1). The fosse between the head of the 
sand-plain and the till mounds is a marked feature on the 
island of Nantucket. Other instances are to be found in 
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Fm. 1. S«K;tioii of frontHl .•^and-plniii. with icc-contuct >1oim*, showing intniKlacial 
pottition of till knobs of the inorHitie. 

southern New F^ngland where the same relation exists and 
where the contact slope at the northern head of the sand-plain 
serves as a datum line for discriminating intra glacial from 
extraglacial deposits. 

Wickford cove is surrounded on the south and west bv un- 
important but recognizable morainal masses. Near Belleville 
there is a small outwash plain surmounting the moraine. The 
surface of the i)lain is about 100 feet below that of the Slo- 
cumville plain. So marked a difference of level between stages 
of retreat with a minimum of ditrerence of time can hardly 
be explained on the hypothesis of ccnitrol b}' sea level during 
submergence. The level in the two cases is obviously deter- 
mined largely by local topographic conditions. 

THK DAVISVILLK STA(JE. 

In the vicinitv of Davisville, west of the railroad, there oc- 
curs a high isolated mass of gravel, with sleep northern slojx'S 
and a g(Mitle southward incline in the form of a fan. The 
contour of this knob and its (4(*vati(>n are aj»proximateIy in- 
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dicated on the original atlas sheet. The deposit appears to 
be a detrital cone built at the front of the ice by a supergla- 
cial or tunnel stream. The niorainal terraces about its north- 
ern slopes are marked and form a group of two. East of 
this deposit is another similar smaller deposit not so readily 
diagnosed. Eastward in this line a low morainal accumula- 
tion extends southeastward on the south side of Allen's Har- 
bor, probably the extension of this ice-front. 

THE POTOWOMUT STAGE. 

North of the preceding and skirting the southern or right 
bank of the Potowomut river is a series of sand-plains, with 
a distinct ice-contact or moraine topography, from the sum- 
mit-line of which the surface of the deposits slopes southward. 
The opposite or northern bank of the river is uniformly lower 
and moulded at various points in the form of the frontal or 
marginal topography of a later series of sand-plains, the 
Greenwich Cove stage of this report. The estuary of Poto- 
womut river is simply the deeper submerged portion of the 
depression at the head of the frontal deposits of the Potowo- 
mut stage. The ice-front of this stage formed a loop north- 
ward around the till-covered upland just west of Allen's 
Harbor. At two points the Potowomut line of frontal accu- 
mulations is broken by streams flowing inward to the fosse or 
depression at its northern base. The Potowomut river flowing 
northward in a line wuth Greenwich cove, turns abruptly to 
the southeast as soon as it has passed through, and where it 
again turns to the northeast it receives another tributary also 
flowing to the north. The sand-plain between the two north- 
ward flowing streams is in large part boulder-strewn, as if by 
an advance of the ice-sheet after the completion of the sand- 
plain. The northward flow of the small streams toward the 
retreating ice- front is believed by the writer to be due to the 
occupation of this part of Narragansett bay by standing 
ice. 

GREENWICH COVE STAGE. 

Greenwich cove is an elongated indentation of the coast- 
line to the southwest, the sides of which are ty^pical ice-con- 
tacts, except where the undercutting of the slope by wave 
action has destroyed the original glacial topography. Between 
the ice-tongue which filled the cove and the hills on the west. 
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coarse gravels were deposited, now in the form of a terrace, 
on which the city of East Greenwich is partly built. Poto- 
womut Neck and the large sand-plain south of Potowomut 
station belong to this stage. 

This cove marks the site of the last deposits about the 
finger-like projection of ice which lay along the line of the 
railroad between East Greenwich and Wickford Junction. 
The gradual shrinking of this mass is clearly brought out by 
the successive stages of deposits corresponding to the frontal 
and lateral moraine terraces of Gilbert's nomenclature which 
lie in this field. Frontal lobes are distinctly marked in the 
small sixty- foot plain at the southern end of Greenwich Cove. 
On the east of this plain is a distinct trough from the southern 
end of the cove to the Potowomut valley. This trough is a 
continuation of the line of the stream which enters the cove 
from the northwest. The lower course of this stream is ter- 
raced, showing that it has cut down its bed since the construc- 
tion of the Greenwich Cove plain and terrace. The evidence 
from this locality appears to the writer to indicate that the 
trench above described marks the extended course of the 
existing stream at a time when the block of ice standing in 
the cove forced tlie waters from the upland to pass out across 
the sand-plain by obstructing drainage northward into the 
present cove, and so into the bay. Later, when the ice melted 
out of the cove altogether, the drainage was northward, as at 
present. The evidence which supports this conclusion also 
carries with it the necessary implication tliat the Greenwich 
Cove sand-])lains were at least as high above the si*a- level at 
the time when this trench was fr)rme(l, as they now are. The 
relative liights of the land and sea are again ccuisidered at 
the end of this paper. 

The stages of retreatal deposits ending in Greenwich cove 
illustrate the shrinkage and linal (lisappearanc<' of a tongue 
of the ice and itsehange from a broad east and west mass to 
a narrow block or tongue with a long norlli and south exten- 
sion, sueh as eharaeterized the iee-blocks which gave rise to 
the steep-sided ponds in sand-plains. In this nearly ideal 
develoj)nient of sand-plains and terraces, (Jreenwicli enve 
stands as the nllimat<» stage, with lateral terraces faeing each 
otiier aer(>ss a depression, (»ccujMed by the waters r>f tlie sea. 
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Carrying out the terminology familiar to everyone, the Poto- 
womut sand-plains form a penultimate series; and the Davis- 
ville cones are antepenultimate members in this series of 
regularly progressive retreatal deposits. 

OCCUPASSPATUXET COVE STAGE. 

The depression in which lie Oecupasspatuxet cove, Spring 
Green pond, and the connecting stream, has a relatively steep- 
er and higher southern than northern bank. The contrast 
between the two slopes is greatest on the east in the cove, 
where the depression is widest. The southern bank marks 
the head of the Oecupasspatuxet plain and stage of ice retreat. 
On the southern shore of Spring Green pond (a body of water 
retained by a dam on the line of the road), and at its eastern 
end, the bank, having here an east and west extension, is st«ep 
and comparatively smooth, being but slightly gullied or cus- 
pate. Between the highway and the railroad the bank becomes 
more cuepate; and, beyond the railroad, it turns gently to the 
south of east, and maintains this course to the shore of the 
bay. Throughout, the materials are, at least at the surface, 
rather fine sands with a few pebbles and rarely a cobble six 
inches in dianiater, and more rarely a fragment of sandstone 
over a foot in length. Evidently this bluif marks the contact 
with the margin of the ice at a time when sluggish streams 
were carrying to the front little or no coarse waste. Near 
the east end of Spring Green pond, a cut in the head of the 
sand-plain showed cross-bedded sands divergent upward to 
the south, indicating, probably, outwash from beneath the 
ice. In the fosse, just west of the railroad bridge, south of 
Spring Green station, a boulder upwards of eight feet in 
length forms a part of the glacial drift which came to rest 
upon the bottom when the ice between this and the next front- 
al stage melted out. Southward the sand-plain is level- 
topped. 

PAS8E0NKQUI8 POND OR GA8PEE POINT STAGE. 

This contact between the ice edge and its frontal deposits is 
marked by the depression known as the Passeonkquis pond, 
the cross-section of which shows a higher and steeper southern 
than northern bank. The south bank is as st^ep as the mate- 
rials will stand, while the northern bank exhibits the low, 
lobate aspect of a frontal sand-plain of later date. Inward 
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from the coast, the relief is less distinct, but the contact-line 
is marked by the furrow occupied by a small brook which is 
traceable westward, passing some 600 feet south of Baker sta- 
tion, to the low mound of gravelly till which forms the north- 
ern face of the deposit delimited on the map by the forty-foot 
contour line. This latter portion of the front is a morainal 
phase; and two cuts, one where the railroad and the other 
where the carriage road cross the deposits, show boulders from 
three to live feet in diameter commingled with the gravelly 
till. The head or terrace itself does not rise more than 
ten feet above the fosse, and the back-slope is very gentle. 
Without the strong evidence of ice-front conditions exhibited 
in the washed phase of the line near Gaspee point, it would be 
difficult, perhaps, to maintain in New England the view here 
set forth. This plain, west of the railroad station, grades 
down rather steeply and is scattered over west of the carriage 
road with Carboniferous waste in fragments often exceeding 
six inches in diameter, all the evidence going to show the 
morainal nature of the deposit. The front comes down to the 
Spring Green pond fosse with traces of h)bes. It is probable 
that this front has been somewhat modified by the drainage 
through this east- west depression, both that contemporaneous 
with the Passeonkquis stage and that which has taken place 
since. 

PAWTIJXET STAGE. 

It is obvious from an inspection of a map of this region 
that the Pawtuxet river in running from the crystalline up- 
lands west of Narragansett bay takes an indirect course to its 
debouchure. That this is not its preglacial course is also 
shown by the existence of rapids or falls at the point where 
it escapes into the sea at Pawtuxet. A diagnosis of the sand- 
plains, through which the course of this river is laid, shows 

• 

that, like the Potowomut to the south, its path depends ui)on 
the occurrence of a well defined fosse at the head of a series 
of nearly synchronous sand-plains which are here denominated 
as the Pawtuxet stage of ice-retreat. The river follows this 
northeastward and backward course for about six miles, while 
its ))regiacial channel seems to have passed into Greenwich 
bay along the line of Gorton's pond and Apponaug river. 
(See d(>ttcd course on plate VI.) 
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This line of retreat exhibits both phases of frontal deposit. 
A moraine occurs west of Pawtuxet station in the area delim- 
ited on the Providence atlas sheet by the 60 and 80 feet con- 
tour lines. The surface is here cast into mounds and the 
material is till with surface boulders of conglomerate from 
five to six feet in diameter. Surrounding the morainal accu- 
mulations proper are sand and gravel deposits, in the nature 
of overwash plains on the south and of sandy moraine ter- 
races on the north. 

Westward the southern bank of the river is clearly for the 
major portion of its extent and elevation a characteristic 
sand-plain hiead, with kames and elongated hollows, these last 
marking the site of irregular jirojecting tongues of the ragged 
edge of the ice-sheet. Even beyond the line of contact with 
the main mass there are isolated hollows marking similar en- 
closed or buried remnants. Some of these depressions are 
drained by small brooks northward into the Pawtuxet. 

Where Elmwood avenue crosses the Pawtuxet river the 
head of the Pawtuxet plain and the frontal aspect of the next 
succeeding stage on the north are tolerably well contrasted. 
The Pawtuxet sand-plain is broken down into kames with 
here and there a distinct steep northward slope, all of which 
show (except at their base) no signs of the erosive action of 
the river, whose flood-plain is sharply marked topographically 
in the trough at their base. The criteria for the recognition 
of successive stages are distinctly shown. The head of the 
plain is higher than the opposite northern bank of the river, 
and the deposits on the south bank are perceptibl}' coarser 
than those on the north bank. 

This bank curves southwestward beyond the confines of the 
Providence sheet on to the Narragansett Bay sheet. In the 
vicinity of the Rhode Island state farm, Pontiac, and Natick, 
the eastern or southern bank of the Pawtuxet is distinctly 
steeper than the opposite bank, but it is also obvious that in 
places the slope alone is due to postglacial erosion, so that 
this criterion of the ice-contact is locally wanting; but the 
hight and conformation of the sand-plains confronting this 
slope and their relation to the deposits on the left bank of the 
river make it strongly probable that the course of the Paw- 
tuxet from where it enters the glacial plain at Natick to its 
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mouth is throughout determined by the stand of the ice-front. 
The sand-plains of this stage between Natiek and the State 
Farm have their head from 50 to 60 feet above the sea and 
slope to the southward and eastward toward Greenwood and 
Hills Grove. Gorton's pond marks the site of a large outlier 
of the ice which had not yet melted when deposition at the 
Pawtuxet stage was practically completed. Duck and Little 
Sand ponds also mark the site of lingering ice masses. At 
Hills Grove there are traces of the intraglacial bouldery or 
till deposits of a previous stage which were so high as not to 
be covered by the sands of the Pawtuxet stage. 

The intraglacial deposits of this stage are fairly well shown 
in the valley of a small brook north of the villages of Natiek 
and Pontiac, where the gravels and sands of the next suc- 
ceeding stage were not carried southward to suffuse them. In 
this valley are short eskers and kames, evidently marking de- 
posits made inside the ice while the large Pawtuxet plain was 
being deposited outside of the glacial sheet. 

Retr£atal Formations on the ('kntral and Eastern 

Shores of the Bay. 

Deposits of stratified drift, either in the form of sand-plains 
deposited against the edge of the ice-sheet or in the form of 
kames built up within its decaying margin, are not w^ell devel- 
oped either on the islands in the axis of the bay or on the 
eastern shore from Sakonnet point northward, though in the 
region of the Taunton river nnd the countr}' westward 
through Barrington the development of stratified drift quite 
equals that of the west coast. 

Definite frontal deposits of any kind are unknown on the 
island of Aquidneck. The area of this island appears to have 
been bored of ice and above the level of deposition by glacial 
streams at the time drift deposits were laid down in the re- 
treat across the bav. At the northern end of the island occurs 
the remnant of a sand-plain, the connection of which with the 
ice retreat will appear clearer when considered with the de- 
posits of the east coast. 

On the island of Conanicut the surface deposits are mainly 
upland till, ex('e])t for a small area near Sand point, opposite 
Wickford cove. The contour of this deposit is not sufficiently 
dear to correlate it with the class to which it belongs, but it 
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has the appearance of being a remnant of a sand-plain made 
in extraglacial waters. 

NAYATT POINT STAGE. 

Between Rumstick neck and Nayatt point tliere is a narrow 
ridge of stratified drift deposits, which, for a portion of its 
length, exhibits the characteristic cross-section of typical 
glacial sand-plains. The best exhibition of this feature is to 
be seen about half a mile west of Rumstick neck. The road, 
going west, skirts the base of the sand-plain head, which is 
here cast into kames, and occasionally rude esker-like depos- 
its mounting on the northern slope. From the summit a plain 
extends southward, gradually giving way to well marked, 
though not trenchant, frontal lobes, which descend to sea 
level and are now being cut into by the action of the waves. 
Again, at Nayatt point, there is a similar section, but sea- 
erosion on the south and west has removed the frontal lobes. 
These two sand-plains attain an elevation of about 50 ( ?) feet 
and agree in this respect with the next northern or Barring- 
ton stage. Great interest attaches to the Nayatt stage from 
the nature of the deposit made at the ice-front between the 
well formed sand-plains. These are connected by a low ridge 
having some resemblance to a till-covered surface. This ridge 
has an elevation of about 30 feet above the sea and evidently 
marks a point of minimum deposition along a nearly straight 
ice-front. 

These plains merge eastward into the Rumstick neck north- 
and-south gravelly ridge, the origin of which is obscure. The 
abundance of boulders and the presence of kames suggest its 
deposition in the marginal portion of the ice-sheet, probably 
on the southeast side of a re-entrant angle. 

HARRINGTON STAGE. 

That the front of the ice lay for a time along the south side 
of the Barrington river, between the villages of Barrington 
and Drownville, R. I., is shown by the well-formed glacial 
sand-plain which occupies this interval. The Providence, 
Warren and Bristol railroad runs along its southern margin. 
On the north, the plain rises abruptly from the low and almost 
flat intraglacial ground, broken only by a winding, low, wide, 
ill-defined esker, which is confluent with the plain. The out- 
lines of this esker are roughly shown b}' the 20 and 40 feet 
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contour lines of the survey map. The head of the sand-plain 
is about 50 feet above the sea; it is broken down into local 
kame-like forms, but in some places is a sharply defined more 
or less cuspate wall, marking the contact with the edge of the 
ice-sheet. From the summit-line the deposit slopes southward, 
the surface being slightly creased, with distinct lobation along 
its southern margin. In one place, near the front, the plain is 
broken by a deep ice-pit, due to a remnant holding over from 
the Nayatt Point stage until the completion of the plain. The 
detritus near and at the head of the plain is as coarse as cobble 
stones, but toward the lobate margin it becomes a finer mix- 
ture of sand and gravel and graduates southward across the 
railroad named into sands and clays, the latter being the beds 
worked in the Harrington clay pits. The plain is nearly one 
and a half miles wide, measured along the vanished ice-front, 
and is three- fourths of a mile long in its greatest southward 
prolongation ; and its contact slope is just one mile north of the 
previous Nayatt Point stage ice-contact. Assuming the plain 
to have an average thickness of only 40 feet, for the portion 
above sea-level, the delta deposit contains 557,568,000 cubic 
feet, which is equal to 20 feet of sediment deposited on one 
square mile. Hut there is the clay in front of the delta and 
beneath its frontal edge, which is equivalent, roughly, to 60 
feet on the square mile, making a total of 80 feet on that area. 
The Mississippi, according to Humplireys and Abbot, deposits 
annually 260 cubic feet on one square mile of surface in its 
delta. The Harrington plain is clearly tlie product of a stream 
flowing out of the ice along the path marked by the esker. 
The revealed structure of the related esker fans in New Eng- 
land, as pointed out by Davis and others, indicates rapid 
deposition, such as might well be accomplished in a single 
summer season or period of uninterrupted melting, a length 
of time probably lasting through less than eight months of 
the year. Assuming this estimate for the basis of a compari- 
son, then during this time 80 feet of sediment would have 
been laid down, or about one- third of that deposited by the 
Mississippi in twelve months. At the rate of deposition for 
eight months, the Harrington glacial detritus would have 
amounted to 107 feet j)er square mile in a 3'ear, or about 40 
per cent, of that deposited by the Mississippi in the same 
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time. While an estimate of this kind must necessarily be 
vague, it serves to give an idea of the flooded character of the 
streams flowing out of the ice. It does not follow, however, 
that the proportions between sediment and volume of water 
discharged in the two cases here compared are to be consid- 
ered equal. The glacial stream was a narrow one, probably 
not over 150 feet wide in its intraglacial course, as is indicat- 
ed by the esker; but it was flowing with a strong current, 
which enabled it to transport cobbles six inches in diameter 
to the head of the delta. 

The eaker. The winding broad ridge which joins the Har- 
rington sand-plain on the north is not typical of its class in 
many respects. Rising out of a group of intraglacial depos- 
its or rude kames on the north, this ridge runs southward for 
half a mile with only here and there the steep sides of a typ- 
ical esker.* In general the esker is so wide as to preclude the 
notion of its deposition beneath an arched channel; and it 
seems probable that it was deposited in a passage open to the 
sky above, contemporaneously with the building up of the 
sand-plain which was being formed outside of the ice. ^Near 
its junction with the sand-plain the esker turns abruptly to 
the eastward and becomes higher and flat-topped, being sepa- 
rated originally from the sand-plain by a narrow piece of ice 
from 150 to 200 feet wide; thence it turns abruptly south- 
ward and joins the middle of the plain. At the junction the 
esker is deeply notched. 

Correlation of Deposits on Opposite Sides of the Bay. 

The correlation of deposits made along the line of the ice 
front at any particular stage of retreat is attended with cer- 
tain ditHculties even where there is a continuity of deposit 
indicated by a continuous moraine terrace or ice-contact slope 
at the head of sand-plains, since it is not certain that all por- 
tions of the extended series of more or less confluent plains 
were laid down at one time. Accepting, however, general 
continuity of more or less marginally confluent frontal plains 
with occasional morainal heads as evidence of a given stage 
of retreat, correlation with disconnected deposits of a frontal 
nature may be made by using the following criteria: 

♦Some Typical Eskers of southern New England, Proc. Boston Sec. 
Nat. Hist., vol. xxvi, pp. 197-220. 



164 The American OeologM. Septomber. 1896 

1. Identity of alignment indicates probable identity in age. 
In the Narragansett bay region this is the most reliable and 
probably the only criterion which can be used. 

2. Identity of elevation of the limiting level of delta con- 
struction in the same field without barriers indicates deposi- 
tion in the same water-body or at the same stand of the land 
with reference to the sea, and hence approximate synchro- 
nism. Allowance must be made for postglacial deformation. 

3. Identity as regards the number and kind of post-deposi- 
tional changes indicates approximate identity in dat« of 
origin. 

The sand-plains of Narragansett bay are so nearly of the 
same epoch that it is difficult to distinguish differences in 
geological history, and this method of differentiation has not 
been applied. 

Matched by alignment, the following sand-plains appear to 
be clearly along the same front : 

West side. East sid^, 

Gaspee Point stage. BarringtoD stage. 

Occupasspatuxet stage. Nayatt Point stage. 

The sand-plains and cones to the south on the west side of 
the bay are not so clearly traceable into connection with the 
plains and terraces of which traces are recognizable on the 
eastern side of the bay. At present little can be said of this 
eastern region except that the retreat of the ice-front is 
marked by the existence of a kame-like terrace along the Fall 
River shore and by a partially submerged plain at the north- 
ern end of Aquidneck island. That these are frontal deposits 
is indicated by the occurrence of till on the western shore of 
the Taunton river. A similar distribution of drift is found 
on Watuppa pond east of Fall River. The eastern shore of 
the pond exhibits a remnant of stratified drift of extraglacial 
deposition; the western side of the pond is till; between the 
two deposits probably lay the ice edge. These two stages, the 
Watuppa and the Fall River, on the Fall River atlas sheet, are 
probably to be correlated with some of the frontal stages be- 
tween Greenwich cove and Wickford. 

Westward the sand-plains of the bay are clearly to be cor- 
related with boulder belts, but the details of this correlation 
are not yet worked out. 



The [ce-Sheef in yarruf/nnsefJ lie if. — Wotxlwtn'fh. /165 

Later STAiiES of the Retkeat. 

The next three frontal stages are altogether on the Provi- 
dence atlas sheet and are plainly indicated by the topography 
as expressed in the contour lines. 

the kobin hill stage. 

The narrows of the Providence river south of the citv of 
Providence are formed by the hills of stratified drift of which 
Kobin hill is the culminating point. These deposits attain an 
elevation over 100 feet above the sea and range in an east- 
west direction for about a mile and a half, with a breadth 
exceeding one-half mile. Throughout where cuts have been 
made in laying out streets, the deposits show stratification, 
much of which has been displaced by settling, evidently 
brought about by the melting out of buried ice. South of the 
deposit stretches the Elmwood sand-plain, which declines 
fiouthward to the Pawtuxet river. The high morainal head 
and low overwash frontal plain are conspicuous features of 
the west side of the bay as seen from a passing vessel. On the 
east side of the bay, at India point, there are traces of the 
same deposits, but they are nowhere so well developed. West- 
ward of Robin hill the frontal conditions merge into the 
Mashapaug pond area, where the front cannot be well traced 

THE FORT HILL SUB-STAGE. 

Fort hill, at Fox point, exhibits a thick section of water- 
worn but ill-assorted drift of a morainal type, sharply sepa- 
rated above from a superficial coating of stratified drift 
varying from nothing to five or six feet in thickness. South- 
ward from the old fort there is a sand- plain, showing that 
the ice-front for a time rested against the east bank of the 
mouth of Seekonk river at this point. Frontal conditions are 
also indicated on the west side of Providence river in this 
same belt by the steep northern slopes of the sand-plain in the 
vicinity of the Rhode Island Hospital. 

(CENTRAL FALLS STAGE. 

This stage of ice retreat is indicated by the remarkably 
well developed sand-plain, esker, and lateral terraces, north- 
west of the city of Pawtucket. The contours of the Provi- 
dence atlas sheet bring out in a clear manner the essential 
features of these interesting deposits. The head of the sand- 
plain marks the southern limit of the ice in the Blackstone 
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valley at this stage. The esker was apparently formed in a 
<*luinnel in the ice, the southern part of which was probably 
areheil over, while the wide northern portion was, at least in 
its later stages of growth, open to the day. The iee-sheet had 
disa])peared from the hills on the west and lay in the valley 
as a mass so narrow as to allow on the west the formation ot 
washed deposits back of Lonsdale and on the east a similar 
terraee on the site of Valley Falls. 'J'his is the most distinct 
of the frontal deposits formed at this stage. Probably the 
extensive sand-plains east of the Blackstone river in the towns 
of Pawtucket and Attleboro and along the line of the Old 
(■olony railroad belong to this time, or to a somewhat later 
8tage of tlie retreat. 

Sam)-plains between Providence and Boston. 

Northward there are belts running northeast and southwest 
along which sand-plains with ice-contacts occur. Attleboro, 
Mass., is located on such a plain; so also is MansHcld; north 
of this is the Sharon plain ; and there is another northeast of 
Canton Junction, and one. at Readville, — all being in Massa- 
chusetts, on the line of the Old Colony railroad between l*rov- 
idence and Boston. In general, it may be said that the sand- 
plains described as occurring between Point Judith and Prov- 
idence are parts of a succession of morainal and washed 
deposits which are traceable eastward and northeast toward 
the interlobate axis whieh passes up the western shor(^ of 
(■ape Cod bay toward Scituate. Mass. In another jiaper I 
hope to present a map of these retreatal deposits. 

TiiK Space between Stacjes of Ketkeat. 

The several stages of retreatal deposits in the Narragansett 
bay region, from near Wickford northward, manifest a ten- 
dency, in the ice-ffont, to be bordered by sand-|)lains at inter- 
vals of about one mile. 'I'his regular recurrence of a halt in 
the ice-front with sand-plain building calls for an ex|)lanation, 
but it does not appear evident to the writer what proi^esses 
brought about this seciuence. It is apparent that the interval 
is not connected with seasonal changes. Davis has shown 
that during the growth of th(^ Woodland sand-])lain, near Bos- 
ton, the ice-front did not melt back more than a few yards 
during thji^ outward extension of a delta to the distance of 
two or three hundred yards. It is reasonable to suppose that 
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the san(l-])lain constnurtion wi»nl on diiriiijij Hiiiiimer ratlier 
than winter conditions, that is, during times of most rapid 
melting. We eann(»t, tliereForo. as«uni(» that siieeessive sand- 
plains one mile a|)art re])resent annual halts of th(» ice-sheet; 
for this would postulate that tlurintij the intervening winter 
the ice-front receded one mile, a result, to say the least, incom- 
patible with the rate of melting during the construction of a 
single sand-plain. It seems most likely tliat the interval in 
this region is dependent upon some cause tending to repro- 
duce the same conditions of drainage at regular space inter- 
vals on the border of the ice-sheet, without definite control by 
the passage of time. 

'J'he occurrence of kame-Iike mounds in the intraglacial tic»ld 
back of the sand-plains suggests the overlapping of the delta 
deposits upon tin* attenuated if not baseleveled margin of 
the ic(» so as to pr(>tect the ice beneath from the sun's rays. 
The identity in the materials of the sand-j)lains anil th(»se 
kames corroborates this view. The ice back of the overlapj)ed 
zone would melt away in time, and the streams would tend to 
flow in the (lej)n»ssion at the inner side of the ov<'rlap and so 
would be (liveried for a time to one sid<». In the open space 
thus formeil sand-j)lain building may be renewed after a time. 
In this view, the interval between suc(*essive sand-plains de- 
pends upon the width of tin* overla|>ping frontal drift plus the 
width of the de|)ression j)roduced interior to this overlaj) by 
the melting of the uncovered ice. 

That something analcjgous to this supp<>sed course t)f events 
took j)lace in Harrington, H. 1.. is indicated by the occurrence 
of the ice-pit in tin* margin of the Harrington plain, by the 
kames along the contact slope of the Xayatt Point plains, and 
by the wide-winged form of the Harrington plain. All these 
indications are exi>lained if we sup|)<»se that the marginal 
portion of the ice-sheet at its contact with the head of the 
Na\-att Point plains had not yet melted out when the Har- 
rington plain was nearly if not quite completed. 

Relation or thk Sand- plains to Ska Lkvel. 

There can be no doubt that the Nayutt Point eastern sand- 
plain was deposited in a body of water whose surface was ap- 
proximately fifty feet higher against the land than the present 
sea level, if it was not still higher. A more important pre- 
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liniinary question than that of the absolute upper limit of this 
water bod}' is the (piestion whether this water was at sea level 
or was above it: for in the latter ease it would not be an in- 
dication of the stand of the land with relation to the sea. 

At first sight the evidence appears to favor submergence of 
the land. There are, however, several significant facts t<» be 
observed in the distribution of the lingering masses of ice in 
this field, poin.'ing to the possil)ility of ice dams, which should 
not be overlooked. There is a marked tendency in the Nar- 
ragansett bay region toward long n(>rth and south depressions 
held open by ice while the sand-j)lains and eskers were accu- 
mulating. These depressions may be seen near Central Falls, 
about Providence, and in the long trench west and north of 
Wickford Junction. It is obvious that the iee remnants in 
the troughs of the bay were last to melt out because the ice 
was there thickest. The tongue which ended in (Jreenwich 
cove indicates by its sand-plains the length of time taken for 
its liquefaction. Had similar but larger masses remained in the 
principal passages, they might well have served to holdup the 
waters which came from the ice into this drainage* channel and 
to convert it into a temporary lake. If this was the <!ase, the 
ice-front, when being melted back past Nayatt i)oint, was 
deeply indent<*d there by a northeastwardly re-entrant angle, 
the southern side of which would be formed by an ice-lobe 
extending at least to Warwick neck. There is no evidence, 
however, excepting })erhaps a moraine southeast of the angle 
supposed, that T liave been able to find in the right places to 
support this hypothesis. It may, or it may not, be true; and 
therefore the same must be said of the alternative hypothesis 
of marine submergence by a depression of the land to the 
amount of about tifty feet. 

On the other hand, there seems to be good evidence, as 
noted on page loti, that during the immediately preceding 
Greenwich Cove stage of the glacial recession the land here 
stood fullv as high as now. We have thus an independent 
ground for the assumption that the sand-i>lain at Nayatt 
point was deposited in a glacial lake, being therefore no indi- 
<»ation of contemporaneous land depn'ssion and submergence. 
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FuKciLAciAL Condition of thk St. Lawkknck Basin. 

During the later half of the Cretaceous period nearly all 
the region which now forms Minnesota and the drainage 
basin of the Missouri river was de])ressed and covered by the 
sea; but the contiguous region now forming the basin of the 
St. Lawrence continued thnuigh that time as dry land, which 
has been its condition (^ver since the Appalachian revolution 
terminating the Paleozoic era. On the east half of the c(ui- 
tinent the principal drainage? system that carried its detritus 
west to the Cretaceous ocean is probably marked by the chain 
of great lakes from Ontario to Superior, the west end of 
which is close to the east border of the broad belt of Creta- 
ceous submergence. At that time, and onward through the 
greater part or all of the Tertiary era, niucli of this eastern 
land area appears to have been elevated at least several hun- 
dred feet above its present level, so that .streams eroded the 
dee]) basins which are now- occupied by these lakes tributary 
to the St. Lawrence, but which then probably had a continu- 
ous westward descent. The lake basins appear to be due to 
epeirogenic movements preceding and accompanying the ac- 
cumulation and departure of the ice-sheet of the Glacial 
])eriod, deforming the old river valleys and changing them to 
lakes, as will be })resently noted. 

It seems to me most likely that the watershed dividing the 
streams tributary to the Gulf of M<;xico from those tributary 
to the Atlantic ocean and the (iulf of St. Lawrence, which 
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now j)HSHes around tlio ?outh and west sides of the Lanrenlian 
lakes, extended instead diu'ing all the Tertiary era. and in the 
earl}' (Quaternary uj) to the lee Age, along the Alh^gheny 
mountain belt and directly onward northeasterly to the Adi- 
rondaeks, turning thenee northwesterly across the Ontario 
highlands east of Georgian bay to the present hight of land 
north of lake Superior. I'he ])reglacial Laurentian river of 
Spencer, which he supposes to have received the drainage of 
the present Laurentian lakes area, appears to nie more proba- 
bly to have been limited to head streams which are now rep- 
resented by lake ('ham])lain, the Ottawa river, and tlie 
Saguenay. We certainly owe much to Spencer for his valuable 
pioneer studies of the preglacial channels of connectic»n be- 
tween the several Laurentian lake basins; but 1 believe that 
the grand topographic features of the region, with our knowl- 
edge of the epeirogenic movements ending the Tertiary and 
bringing in the Quaternary era. should lead us to look for the 
Tertiary lower course of the river draining the area of tin* ' 
present Laurentian lakes along some route southerly from 
lake Michigan, rather than either easterly from lake Ontario 
along the Mohawk valley or northeasterly along the St. Law- 
rence valley. 

Sinc<» the elevatifui of the interior of our continent fr<»m its 
mediterranean Cretaceous sea, and since the approximat<»ly 
contemporaneous uj>lift of the Jura-( 'retaceous or Schooley 
])enep]ain, which had occupied tin* country eastward, so well 
studied bv Davis, Wood, llershev and others, vast denudation 
and broad and deej) valley erosion have sculj)tured the Colo- 
rado plateaus and canon, have cut down the surface of the 
great western plains hundreds and in part tixmsands of feet, 
have eroded the broad Ap|>alachian valleys, and have chan- 
neled the fjords of Greenland (as is demonstrable notably for 
the VVaigat j)assage setting olf the island of Disco), besides 
j)robably also eroding the greater ])art (»f the straits, sounds, 
gulfs and bays of the Arctic archipelago and the Hudson bay 
region. Amid such stu|)endous subaerial erosion, tile basins 
of tht^ Laurentian lakes received essentially thrir j)resent 
forms. Init with continuous and free drainage, as I believe, 
toward the west and south. A great trunk stream flowing 
south along the l)ed of lake Michigan drew its chief tributa 
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ries (»ri one side from the basins of lakes Huron, Erie, and 
Ontario, and on the other side from the basin of lake Superior. 

Chanoes bkinoing on tiik Ice A(je. 

When tiie early Quaternary epeirogenicr uplifts heaved the 
northern half of our continent 2.000 feet to probably in large 
part 5,000 feet above its present hight, as is known by fjordfi 
and the eontinuations of valleys on the subnuirine slopes of 
the continental plateau, it seems not improbable that the 
"warping and deformation of the land surface enclosed and 
<*hanged into land-locked basins some parts of the Tertiary 
river vallevs of the Laurentian lakes area, so that these lakes 
may have begun to exist in some form before the Ice Age. 
About the same time, during the epeirogenic movementg 
which linally brought on the CJlacial period, the Ohio river 
«nd the ui)per Mississippi river, as suggested by Chamberlin, 
Leverett, and Hersliev. assumed nearlv their i)resent relative 
importance and have since channeled large valleys, although 
Avholly disproj)ortionate with the great Tertiary valleys which 
51 re now the beds of the Laurentian lakes. 

At length the high elevation northward caused snowfall to 
|)revail there. inst(»ad of rain, during all seasons of the year; 
4ind in several or n)any thousand years it enve]o])ed all the 
<'ountry from the Arctic sea to tiie Missouri and Ohio rivers, 
iuid from the Atlantic^ to the Pacitic, with a thick sheet of 
snow and ice like the icre-sheets now covering the Antarctic 
<*ontinent and the interior of Greenland. 

Recession of the Ice-sheet. 

I'nder the vast weight of tiu» ice accumulation this part of 
the earth's crust, after bearing the burden for a long time, 
isostatically sank, so tiuit when the ice-sheet, exposed thereby 
along its borders to w warm temperate climate, melted away, 
the land on which it had lain was uncovered with a less alti- 
tude than now. The depressirui of the land beneath the sea, 
from which it has since risen, extended from Hoston and from 
Xova Scotia, where the relative bights of land and sea were 
nearly the same as now, inland to a vertical extent of 560 feet 
iit Montreal and 500 to GOO feet thence westerly to the areas 
of the Laurentian lakes, the glacial lake Agassiz, ancl the ba- 
.•^in of Hudson bav. 
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Molting on its margin, because of the land depression and 
restoration of a warm climate, the ice-sheet waned and grad- 
ually withdrew, although with many vicissitudes of temporary 
halts, marked by marginal moraines. Its great readvancc^ 
aft<?r the Aftonian interglacial retreat, however, seems refer- 
able to an earlier time while yet the high preglacial altitude 
continued, though perhaps in a diminished degree. 

(iLA<MAL LaKKS IN THK St. LaWKKXCK BASIN. 

With the retreat of the continental glacier, all hydrograi)hii; 
basins which had a descent toward the receding ice border 
were tem]>orarily occupied by glacial lakes, held by the ice 
barrier until its continued recession gave avenues of discharge? 
and at last i)ermitted drainage to bc<M)me established in its 
present courst-s. Over the great Laurcntian lakes, as they 
exist to-day, such glacial lakes of much larger extent rose U> 
maximum bights from 50 feet to 0O() feet above the present 
lake levels, as shown by the deserted beaches and deltas an([ 
by ohl channels of outflow. More correctly, however, wt* 
should say that the lowering of the ghuMal lakes, by erosion 
and changes of outlets, to their present representatives, to- 
gether with the uplifts of th<» northern and northeastern ])artJ« 
of the old lake basins, as "compared with their less uplifted 
southern portions, have a combincil maximum of about tWM^ 
feet in each of the three basins of lakes Superior, Huron, and 
Ontario. 

Lalt'v Jrarrrn. The llrst in the order of time, and the 
largest in area and depth, among the three glacial lakes to be- 
here specially noticed, was lake Warren, so named by 8j)encer 
from his exploration of its shores in the basin of lake Krie. 
Its shore lines, niai)ped by Spencer, (iilbert, Lawsim, Taylor, 
and others, show that in its maximum extension this glacial 
lake stretched from the west end of t!ie biisin of lake Ontario 
west and northwest over the four upper great lakes, attaining 
an area nearly ecpial to that of the contemporaneous lake 
Agassiz in the basin of the Red river of the North and of lak(- 
Winnipeg. 1'he latest southern beaches of lake Warren, 
traced bv (lilbert eastward to ('ritt(*nden, N. Y., are then> 
found bv L<'verctt to have been con tern pc^raneous with tlu* 
LockjKJrt marginal moraine. 'J'he course of the boundary (d" 
the retreating iee-sheet at the time of greatest extent of lake 
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Warren is upprosiiimleiy iniiie«t*(l by the accompanying map 




(figure 1), whieh showe tlie niaxiiniim area nf tlie continen- 
tal glacier find successive Ptanet! of ilw recession in tlie United 
States and soiitliern (iinadu. 

Liik-e. Alijfiiniuiii. As snoii iin the glacial recesdou uncov- 
ered tlie Miiliawk vaDey. (he waters of take Wnrieii. fornieily 
outHmving at Chicago lo the Mississippi river, were rapidly 
drawn away through the Mohtiwk and Ihids<jti valleys. In 
the basins of lakes Michigan, Huron, atid Superior, compris- 
ing the larger jtart of what had been lake Warivii, there re- 
mained a similar but restricted body of water, wliich Spencer 
has named lake Algonciuin. danuncd by the lingering ice-sheet 
only on the part of its border east of tJenrgian bay, in the re- 
gion of lake Nipissing and the Mntlawa river, and oiitliowing 
through the St. flair river and lake, the Detroit river, and a 
stream which may be culled the river Erie, continuing east- 
ward along the lied of lake Krie to the incipient Niagara river 
and falls. We shall return in a later part of thin paper to 
further consideration of lake Algomiuin and its ice barrier. 

Luke froqii'Hu. In the basin of lake Ontario aglacial lake, 
alio much studied and named lake Iroi|uois by Spencer, out- 
flowed at Rome, N. Y., to the Moliawk and Hudson. Its sur- 
face at Toronto during the early part of ita existence coin- 
cided nearly with that of the present lake Ontario: but later,. 
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iiwifij^ iM iIh; j^raflual ujiiift ^»f tli^* *'Oiintry fin the in^rrli iiiul 
«-a*it. irirliidiij;^ tho Koru'- «»uti'-T. th^ we^lirrn part «»f lakr Ir»»- 
fjuoi- wa?- f'an-*'d t^» ^i^^• upon its f(*ix>X t«> a lii<;lit <»t" alnmi 
'lifi) if'f'X, fiijallv ho!din<r tiiat lev**! durinjc nianv vi-ars. with 
the formation of tlu: well devfifijK'd Irf»riur»i> )>ea<.'h. Thedif- 
ff-r'-nrial f'p»-iro|jffni'' inovenjenl of the land and ilH'rrin^t»«luent 
wi-y'twarri ri~<* r»f the lake. eonlni«'d by the waning iee-sheei on 
it« north^*a*t '•id'*, an- known bv the nr»rtlif^a>iward a^^eent of 
the old beaehes and bv drift seeti<»n> which show two n-ad- 
van''*'- of th«' iee-frrmt in the vieinitv of Torcmto during; the 
{j^radual rij-e of the lake there, to wliich reference will be again 
made on a following ])ttge. 

HKOIXMNr; OF IS'lAOAKA HlVKK AXI> ITS ElJOSIOX OF TIIF 

(ioKOK BKLOW THK F'aLLs. 

The dej)arture of the iee-sliet-t. as we have seen, uncovered 
the northeastern part of the continent with so 1<)W an altitude 
that the drainage r»f the Laurentian lakes regi(»n then. f<»r the 
firht time, as I believe, began to outtlow eastward. earlie>«t by 
the IIu<lson, and later, with the farther glacial retreat, by the 
St. Lawrencff. ^^(►m the dav when the Rome avenue of out- 
How drew down the waters beb»w the Niagara esearpment, 
which runs betw<*«*n the basins of lakes Krie and Ontario, the 
Niagara river has been llowing over its falls and has been 
cutting its gorge })aekward from the escar]>ment. At first this 
riv**r was scarcely seiiarated frcun the river Krie bv anv lake 

•^1 Aft 

in the Krie basin; but gradually the differential uplifting of 
tfi*' land raised th(» eastern rim of the basin, at Bufi*ab», to 
such hight tliat the extensive but shallow lake Eri(» covered 
the former river Krie, and the great level ])lain through which 
that riv(»r flowed is n(>w the lake bed. 

Vauiations of the Voumk of Nia<;aka Rivek. 
(iilbert, in Ins able papers on the hist(u*y of Niagara river, 
well reviews its probable changes of volume due to variations 
of the average yearly rainfall and snowfall, the melting of the 
ice-Kheet during its departure, and other varying conditions. 
Most of these causes (d* variation of the river's volume seem 
to Jiave been not widely different from those of the past thou- 
sand years or even of the past century, during which its flow 
and the rat^ of erosion of the falls and g<^>rge have been ob- 
served. Some of the variations have doubtless tended to 
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rc-ducc the rivor and to make it orodt* more pIowIv during 
jK)iti()ns of its history than at pre«iMit ; but other cliaiij^ing 
conditions iiave with e<|nal certainty promoted its erosion and 
HO have tended to shorten the time re<|nired for tlie excavation 
of its gor^^e. Witii on*' rxce])tion, the conditions of variabil- 
ity ai)|)ear to liave tended, in the aggregate*, to subtract from 
tli«' time indicated by tlie [)resent rate of erosi(»n, rath<»r than 
to add to it. 
TiiK IlvroTHKsis OK Tin: Xiimssin<; and Mattawa outlkt 

FIJOM LaKKS HlKON, MlCHKiAX AND SlTEIUOR. 

Amr)n^ the conditions whicii iiave been supposed to cause 
Niapira river to vary from its present size, only one would 
[)roduce a great and Jonj^: continued diminution of the river, 
so giving for a large part of its history only very slow erosion 
and recession of the falls. This hyp(dhetical factor in our 
]»roblem. which has bt^en assumed by Ciilbert, Wright, Spen- 
cer, and Taylor, to considerably [>rol()ng the time of the gorge 
I'rosion, is the diversion of the outllow from the three lakes 
above lake P^rie to forsake its present course and pass east- 
ward from (Georgian bay by the way of lake >iipissing and 
the Mattawa river to the Ottawa. On the other hand, Bell 
and Harlow, of the ( "anadian (Jeological Survey, o])j)ose this 
hypothesis, and state that thev find no evidenc<* of a former 
great river there. 

An examination of the relationship of the scvi^rai glacial 
lakes in the St. Lawrence basin, and of the a|)proximate out- 
lines of successive stages of retreat of the ice-sheet which was 
their barrier (as shown in figure I), convinces mi* that this 
Mattawa outlet frrun lakrs Huron, Michigan and Superior 
was obstructed hy the receding ice- front until after the land 
there had risen from its Late (Jlacial or Cham plain depression 
to such altitude that the St. Clair and Detroit rivers contin- 
ued to be constantly the outlet from those lakes, sending their 
waters to the Niagara river and falls during all their history. 
Lake Algoncpiin was at first held on the Mattawa district l>y 
an eastern barrier of the waning ice-sheet, as is known by the 
Nipissing beach far above the present lowest ])oint of the wa- 
tershed. Hut differential elevation of the land, as soon as it 
was unburdened by the glacial retreat, took place here, as on 
the area of lake Agassiz. while yet the ice barrier remained. 
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though it was gradually retreating: and in both these great 
lake basins the uplift wa« nearly or cjuite completed during 
the exij»tence of the glacial lake;:. Finally lake Algonquin. 
by the northeastward land elevation, became divided into its 
successors, lakes Huron, Michigan, and Superior. 

Lakes Algonquin and IrcKjUois were contemporaneous, and 
the Ontario basin enclosing lake InK|Uois was at the same 
time uplifted toward the northeast, with inclinati<»n of its 
earlier shore lines, and with gradual rist* of the lake surface 
westward because its outlet, at Rome, was raised much ni«»re 
than the western part of the basin. While these two glacial 
lakes were undergoing such changes, a lobe of the mainly re- 
treating but wavering ice-sheet lingered on the highlands 
north of lake Ontario: and twice its nH»d»'rate readvance was 
recorded by deposits of till intercalated with the stratified 
beds of a lacustrine delta in the extensive section of Scarboro' 
Heights, near Toronto. The uplift of the Innjuois ba<in, as 
well as that oi' the Algonquin basin, is thus shown K* have 
been far advanced and nearly completed during the continu- 
ance of their ice barriers : and alsr> thus it is demonstrated 
either that no outtlow from (Georgian bay and the upper lakes 
ever passed to the Mattawa. or that it was of very short dura- 
tion. The whole time of existenc<» of lake Agassiz, as esti- 
mated by conij)arison of its shore erosion and beach accumu- 
lation with those f»f lake Michigan and others of the 
Laurentian lakes since the depart un* of the ice-sheet, ap|>ears 
to have l>een about 1,000 years. In comparison with this, we 
mav confidentiv assert that, if anv outti(»w passed for a time 

• • • * 

over lake Nipissing to the Mattawa river, it could have done 
so onlv for a few decades of vears. 

DrKATiox OF Nia<;ara Falls and (►f tuk PosT<iLAC'iAL 

PEKIOI*. 

About three-fourths of the ])eriod of H2,0OO years which 
Spencer assigns as the age of the Niagara river and falls are 
derived from this hypothesis of the Mattawa outlet from the 
upper lakes, which, as I believe, is untenable, or at the most 
had only a very short existence. Leaving out that element of 
the problem as insignificant, and dividing the length of the 
Niagara gorge (about six and a half miles) by the recent ratc»- 
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of average annual recession of the falls (nearly live feet), we 
have approximately 7,000 years, as announeed by Gilbert at 
the meeting of the American Association in Buffalo in 188G, 
as the probable time required for the erosion of the gorge. 

This measure, which (not to be too exact in figures depend- 
ing on somewhat varying conditions of tlie Niagara history) 
we may place in round numbers as between i>,000 and 10,000 
years, is of great interest to geologists because it is at the 
same time the duration of the period since the end of the Ice 
Age, or. speaking more definitely, since the retreat of the con- 
tinental glacier from the northern United States and southern 
<'anada. It may be so accepted with confidence, for it agrees 
with the estimates and computations indepcMidently made for 
the same period by Prof. N. II. Winchell, from the recession 
of tile Falls of St. Anthony: by Prof. CJ. Frederick Wright, 
from the filling of depressions among kames and eskers, and 
from erosion by streams tributary to lake P>ie: and by Prof. 
B. K. Emerson, from postglacial deposition in the valley of 
the Connecticut river. \\\ Kurope, likewise, numerous esti- 
mates of the lapse of time since the Glacial j>eriod. as collated 
by Hansen, are found tc» be comprised between the limits of 
.0.000 and 12,000 years, thus being well harmonious with the 
measure given us by Niagara falls. 

From this unit of measurement and its ratios of comparison 
with the precreding geologic periods and eras, according to 
Dana, Walcott, and others, we derive an a])proximate duration 
of 100,000 years for the whole Quaternary era : of perhaps 
ii,000,000 vears for the Tertiarv era ; some ten million vears 
for the Mesozoic era ; and probably forty to eighty million 
years for the Paleozoic era. In total, the time since life began 
on the earth is thus shown to be probably a hundred million 
years, compared with which the duration of Niagara, though 
a hundred times longer than a man's lifetime, seems geologi- 
cally like a sj)an or a hand's breadth beside the long vista of 
the past ages. 
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THE BLACK RIVER LIMESTONE AT LAKE 

NIPISSING. 

I»y N. If. \ViN(ni:ij,. 

On the occasion of the meeting oi' the AiiiiM-ican Association 
for the A(lvaiiccni(»nt of ScicMicc at T(»ronto in LsSll an excur- 
sion was nia(l<' t(» the rci^ion of lalvc Nipissin^, whicli was at- 
tended by tin* writer. Siihseciiientlv a small colli^clion of 
fossils from the islands of this lake was procured thrcuif^h the 
aid of Mr. 'I\ I). Ledvard, es(i., of T<u"onto. Thev were 
put in the possession of Mr. I'lrich. Newport, Ky., who has 
recently furnish<Ml the following id^Mitilications. 

Th(» islands of lake Ni|)issin«r are hriellv described hv Alex- 
ander Murray in his p*ol(»^ical rejiorl for is.')!, and the is- 
lands themselves are rejUTsented on his map accoinj)anyin;Lr 
iiis report, sheets S and 10. This linirstone is found on oih» 
of the islands of the Manitou y:rouj>, in the east-central por- 
tion of the lake, and on Iron islaiul, in the western portion, 
and it probably underlies much of the lake betwren. On the 
Manilou island it rests unconforniably on gneiss and trap 
rock, which constitute the lar<j^rr jmriion of tin* island, show- 
ing a thickness of over six feet, in tin* lower jiortion brin^ a 

siliceous linn'Stone * --5= * ••holding Orthorrras. with a f«'\v <ithrr 
ol>sc»ne ff>ssils and stnull ;ni«:ular fra<riiJ<'ntsof the aUtrcd nrck on whirli 
it r(»sts. Over the silieciuis brd are jilt"rnatioiis of l»hii' and '4:j'av liiuo 
•stone and shale, lioldiii»r nunicrous fossils, amon^'" \vhi<:li aif orllnu'cra 
tites and shells. b(»tli nnivalv** and liivalvr. I -at all tuonl,s<.iM*ci . di'linrd 
to adniit of «"(»rn*et. idi'ntitieati«»n: tin' ortlioccratitrs, wliirji ar«* Vfiy 
nunieniusin all th<» beds, stronirlv I't'siiiibie tl^.r OnufHunis tcimiiihuH i^f 
Hall, jxiven by that author as a ehar;n"f«Mistic species uf tin* jjku'k River 
format ion. These I.eds oceiir on tli<* S. W. end nf the island anc] slmw a 
f^entle dip toward the S. W. 

On the west sid<' of Iron islant! 1 )eds of red and irray sandstone rest 
unconforniably on j^nieiss ami crystalline limestone, dippin;j: at the nortli 
end of the exjiosure S. :iO^ W. <4". and at the south rm\ S. TO^ W. <::^* 
to r)*^. The lowest i <m1s of the siunlstoiie are red. with small round 
grei'U spots occasionally dotted over tin* surface; the sandstones are 
coarse i^rained and tin* beds vary in thickness from six itiches t*) two 
feet. The upp«'r iK'ds Jire yellowirh trray and sometime's \\ hitish. an<l 
occasionally ajjpear to be sliLcIifly calcareous. Th(\v are mostly t)f coars<* 
frrain. at times becomin;^ a tine cony:lomerate. Small sulispherical con- 
cretions are conunon to tin* upper beds, and on one occasion an imiin-s 
sion resembling; the obscure coat of an ortlioceratite was observ<'d on an 
ex]M)seil Kurfa<*e. Some of the Leds are probably well Hda]ited for 
j^rindstones. 
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The greateHt thickness exposed on the Vjeach is from ten to twelve 
feet, hut the side of the hill fiicinpr the west, which was about seventy 
feet or upwards over the level of the lake, is eliiefly of sandstone, some 
of which may he additicmal strata. Larjje angular masses of fossil ifeions 
limestone are strewn over the beach, having been removed apparently 
no great distance frf>m their j)arent l)ed8. They probably occupy a 
portion of the bottom of the lake. The character of the fossils in these 
massi^^s appeared to be of the Chazy age." - Jt array. 

()rmo<-i'raH it'unijUiciiH lh\\\. Separated fragment of siphuncle and 
section with septa; ill preserved. 

EscJuiropora siibrcctd Ulr. 

Hrhq)or<t mncronata Ulr. (Stones River gnmp species). 

Kschnrajtora '/ limitaris Ulr. 

Rfiini(/ictya mntfthitis var. major Ulr. 

PhyUodictija raria Ulr. 

Bat(nftoma in'ticlwUi Ulr. 

CaUopont multitahulata Ulr. 

Columns of an undetermined (ilyjitarrinus. 

Wiynvholrema iitivtiuiralris ( 'astenau. 

TA*i)erditia fabnliU'H Con ? 

AjHtrcliitt's ncijlvvins Ulr.. 

These species indicate exact equivalence with the lilack 
River grouj) of sliah^s at Minneaj)olis, as discussed an<l de- 
fined in V'ol. Ill, Part 2. of the lorthconiing report of the 
Minnesota survey. They show the j)robal)le former ])reva- 
lenee of tlie Trenton ocean far to the north and taken in con- 
nection with tlie small known area of the Trent(ui in northern 
Michigan, near the base of Keweenaw i)oint, indicate that in 
the Trenton age a continuous sea occupied the area from lake 
Nipissing to lake Winnipeg. 



EDITORIAL COMMENT. 



ThK MiSSlNCi l^INK. 

The gap which separates man from the aj)o is simiiar to 
and i)erhap8 no greater than other gaps existing betwen ex- 
tinct forms of animal life which have been bridged by the 
easy assumption of specific variation and direct genetic de- 
scent, without doing violence to tlie theory of evolution by 
natural selection. Hut between the ape and man tiiere is a 
chasra, other than morphological, whicii presents a barrier 
against the operation of the law of evolution, and which it 
Peems to be necessary to fill by more gradual steps before the 
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**des(»ent of man" will be acceptabk- to the average pliiloso- 
pher. llonc'i*, every variation in the* human slceleton whieii 
tends, on good authority, to obliterate the distinction between 
man and tiie other Primates has been serutinized by the most 
seareinng eomparisons and in several instances tiie interme- 
diate forms iiave been announced. On making more profound 
study, however, such discoveries have failed to stand the test 
and hav<' been assigned at last to some of the savage types of 
the human family as n(»w known. At the present time not 
one of thf'se varietal forms can be said to occupy the interme- 
iliate position between man and the ape, on the evidence and 
authority of the most exj)ert anthr<»j)ologists. 

The lIouH) neanderthaiensis, of King, subjected to a com- 
parison with Australian aborigines by Iluxley, was considered 
bv him in no sense intermediate between man and the apes. 
According to his view this skull resembled the crania of the 
people of Denmark (luring the st(»ne period: and according 
to Sir William Turner it was ch>sely paralleled by skulls of 
existing savage races and even by occasional specimens of 
modern European crania. This conclusion is now generally 
accepted by anthn)j)ologists. The neanderthaloid characters 
are found to be n(»t uncommon among the crania of savage as 
well as civilized ra<*es. 

The **man of Spy" made his debut in 1S80. His sponsors, 
MM. Fraipont and Lohest, classed iiim with the man of the 
Neander valley. The anteroposterior curvature of the con- 
dyles of the fen»ur and the modification of the liead of the 
tibia of the man of Spy were ciuiracters which indicated a less 
erect position than man assumes at the present tim<». It has 
since been pointed out, however, by Prof. Arthur Thomson 
and by Prof. Manouvier. that the squatting habit, and other 
attitudes habitually assumed by savage man, operate power- 
full}' in modifying the articular areas of some of the great 
bones of the skeleton and particularly of the tibia, the femur 
and the pelvis. The head (»f the tibia by this means is sub- 
ject to great retroversion. This is seen in the tibia' of neo- 
lithic men, in some modern Parisians and most of all in cer- 
tain Indians of California. It is evident, therefore, tliat this 
peculiarity is by no means characteristically simian, and the 
man of Sj)y retains his place alongside of the really human 
forms of the genus Homo. 



■ .• 
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Last of all, Pitheccanthropus erectus has appeared, from 
Java. Dr. Eugene Dubois has given the details of the dis- 
covery and an elaborate description of his anthropoid fea- 
tures. His descriptions and conclusions have been widely- 
published and have met with cautious and partial acceptance. 

The materials on which Dr. Dubois bases his conclusions 
consist of a skull, a tooth and a femur. The skull is interme- 
diate in size, between the average gorilla and civilized man, 
but when compared with the average skull of savage man, as 
has been done by Sir Wm. Turner,* who assumes the Austra- 
lian as a fair example of the modern savage, the fossil skull 
falls but little below the average of the male and exceeds the 
size of the female. Skulls of other savage races, such as those 
of the Andaman islanders, Admiralty islanders, Bush people, 
Veddahs and hill tribes of India, range about the same in size 
as the skull from Java. 

The third upper molar tooth was not immediately ccmneeted 
with the skull, but was found at a distance of one metre from 
it and the femur at a distance of fifteen metres. The remains 
may have resulted from ditferent individuals, and in the 
opinion of Prof. Turner the tooth has strong evidence of not 
being human, but rather the tooth of an orang, which still in- 
habits Borneo and Sumatra. 

As to the femur, while exhibiting some peculiarities by 
which it departs from the normal human femur, and assumes 
characters which, in the opinion of Dr. Dubois, mark it as de- 
rivable from the anthropoid apes, yet it is also found, by 
comparison with a large number of human femora, that, ac- 
cording to Prof. Turner, the same peculiarities are occasionally 
met with, and hence they lose their value a? criteria for differ- 
entiating this bone from human remains At best, this femur 
is assignable to the Neanderthal race, which by all is consid- 
ered of human and not of simian type. It should be remarked 
also that the distance which separated the femur from the 
skull, and the comparative freshness of the former, render it 
extremely improbable that they came from the same skeleton. 

Hypothesis, therefore, and hypothesis only, supports as yet 
the derivation of man from the ape. n. h. w. 

♦Proceedings of the Royal Society of Edinburgh, vol. x.x. 
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The Laav of Priority. 
J. T. Ciinninglmm. M. A., declaims tlint the law of priority 
in zoological noinenrlature is a dead failure ( Xntnml Sricnrt\ 
May, 180(>). Perturbation in Kngland upon the (juejition of 
whether it is or not is at present very deep, but to an Ameri- 
can paleontolojjfist such a declaration as the above seems out- 
ri»xhl sedition, i»r, if not that, to evince, at least, a patholo«ri(. 
condition amon*:^ nomenclators, for it is (juite evident that this 
law once set aside nothing can result l)Ut anarchy and chaos. 
Admitted that the action of the law may work a ijercentage 
of injustice, it is a mere soupi;on compared with its righteous 
consideration of authors and the comfortable sense of peace 
it brings to its adherents. And what has Mr. Cunningham to 
ottVr as its substitute? Nothing: for there is nothing. To 
go back to the very same raw and disordered methods whicb 
precipitated the law (ff priority, to use names as suits the 
fancv, or those which have no other claim than currency, this 
is certainly laying up wrath against the day of wrath. The 
l)est paleontologic work of late years in this country shows 
that American workers abide bv the injunctions of this law 
with M i'ervent devotion and are Induce a peaceable and hapi>y 
community. .i. m. r. 



Das Thiekreicii. 
It has been suggested that the German Zoological Society, 
wliicb has undertaken to prepare, under the direction of Prof. 
F. E. Schulze, a description of every species of living animal, 
"Das Thierreich," append tbereto an account of all extinct 
species. A writer in .Vtiftn-af Scicitr* has calculated that 
"Das Thierreich, "if carried out in acc<»rdance with its j)resent 
])lan. will contain l:?*s,7()0 pages and, without binding, make 
a row of b(»oks upward <if 40 feet in length. An etpially com- 
plete paleontological appendix woulil add a few yards to the 
length of the work, l»ut is not an impossible task in spite of 
the iiuiH*rfections of fossils. Such a realization of Xeumayr's 
dream would be of immense value to students. .1. m. c. 



Iteview of Kecent Geological Literature, 183 

REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 

Bulletins of American Paleontology, Vol. /, No. 4. The Midway 
Stage. By G. D. Harris. 8vo, 156 pp., 17 plates. Ithaca, June 11, 
1896. This important monograph of the lowest stage of the southern 
Eocene and its fauna is largely based on the personal observations and 
collections of professor Harris, over almost the entire area in which the 
horizon is known to occur. The author has also made gocnl uee of the 
results of previous workers in the same field, and has studied their type 
collections so far as they are now available. 

After a brief historical sketch of the subject, the Midway stage is 
defined and reasons are given for adopting this name rather than one of 
the numerous synonyms that are listed in full. The classification of 
the Eocene adopted is as follows : 

f 0. Vicksburg stage, 

i 5. Jackson stage, 

'j i. Clail>orne stage, 
Eocene Series j .^ j^^.^^ Claiborne stage, 

I 2. Lignite stage, 
j 1. Midway stage. 

The Midway is made to include the Matthew's Landing and Black 
Bluff clays of Smith and Johnson. As thus defined, it is about 200 feet 
thick, .and it contains the oldest marine Eocene fauna of the Gulf 
Border region. *'Lithologically the Midway beds are subject to rapid 
changes. We have seen a firm limestone grade out laterally, within a 
few yards, into an inct)herent sand. What is black clay on one river is 
often represented by calcareous layers on another; but upon the whole, 
the lower beds of the stage are sandy, clayey and calcareous, while the 
upper are generally clayey." 

This horizon has been recognized by its fossils, at many localities, in 
a zone immediately above the uppermost Cretiiceous beds extending 
from the Rio Grande, some distance above Laredo, through Texas, Ar- 
kansas, Tennessee, Mississippi and Alabama, to Fort Gaines, Georgia, 
on the Chattahooche river. As might be expected, the fauna collected 
from such a long coast line shows some variation, and this is especially 
noticeable in the GhattahcK)che section, where the beds are mostly cal- 
careous. Professor Harris is probably right in attributing these varia- 
tions to differences in the character of the sea bottom. Similar varia- 
tions in the sediments and life of the upper Cretaceous of the same 
region have been noticed, though in this case the calcareous elements 
are nearly absent on the Chattahooche and rapidly thicken westward in 
Alabama and Mississippi. 

The most important stratigraphic fact recorded is the discovery that 
the basal Eocene of the southern states is not conformable on the upper 
Cretaceous, but the contact gives evidence at many places that there 
was an erosion interval between theai. This is show^n by an irregular 
surface, by lines of pebbles, and by the occurrence of rolled fragments 
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of Crf tace<»ufi ftiSFilF io the lowest layer of the Etx-ene. A pinitlar case 
of re<leij<#it«l Crr-taceoas foRsils in the EiK'f^ne has been ret.*onled from 
the nei(rhlM»rh(iix1 of Wilmington. X. C. but the exai't horizons involved 
were not deter mini**! with sufficient ace u racy to i^rniit its use as evi- 
ilent-e of a K»'neral niin-L*«»nformity. The complete rhanire in the marine 
inverl'-ljrate fauna, in passing fnmi the latest Cretace%)us to the E*xrene, 
which is only emphasizetl hy the pri-sr*nT wi>rk in which every knowD 
Sfiecii'S froni th** lowest E«.K.-ene Ktairn is tiu^urtnl. has ioni; causisl pal- 
e<mtolo»fists t»» lif-lievi* that there iiniM nut have Wt^n ct'in t in uous depo- 
sition from the one tn the other, but the hurizontal {»osition ami 
similarity of the Ixn-ls has made the ren»L'niTion of the strati^raphic 
lireak difficult. esiieciall> when, as at F'rairic Bluff. Alabama. IW feet 
of the E«»cene has usually l>«*en assigned to the Cretaceous and the cim- 
tact has consequently l^een w.»uffht at the wront; h«)rizon. 

No exact correlation is attempteil with the E«x't*ne of Euro|)e. thouprh 
the author states that there is a ^'encral similarity of faunas, usually 
withriut siipcific identity, in the basal Eocene of the two re^rions. The 
Midway fauna is mc»re dusely related t»» the fauna of Maria Farina, 
Brazil, which uas tles«TilH*d as C'retacetius, but isreferre<l to the E^xvne 
by prnfess^ir Harris. Whether the iSrazilian fossils are Eotvne or not. 
the fauna of alniut 140 niollu^can s|H'cies 4lt scTibed and fiirureil in the 
Ixjdy «if this w<»rk are unijuestiimably E«»ivne and show but slight re- 
lationship with nur latest Cretaceous fauna. So far as known they have 
nut a sinjrle sji^-cies in common. 

La»'k of sjuice forbids a d«»tailiH.l n'view of the biolopcal featur<»s of 
the Midway fauna. Of sjiei-ial interest are tin* first reconl i»f the <k'- 
curreno* «if /^» //**•«/"/« 'i and I *» nm in the American Eocene, and the 
extension «»f th^* ram:»*«»f the Nautiloid p'uus h'lirliiintt'K^ri't s through 
the whole tliii'kness nf the Midway beds. The reviewer has colleotecl a 
simili'ir siH*ci»*s «»f /'* rmt in the lowest EiHvr.e beds of (*alifornia. 

Three other im|Mirtant pajH^rs. by Prof. Harris and Mr. T. H. Aldricfa, 
on Tertiary faunas have alrea«ly apiH-artnl in this s<Ties of bulletins and 
the irratifyimr announcement is mad*' that the jm'sent mono^^niph is to 
be folktwed by similar ones on the other Eoi*ene faunas. 

Att^'Ution should be calleil ti> the omission of an index, which in a 
work of this kind, tn^atincr so many spiM-ies. is a si'rious matter to the 
busv worker. It is doubtless the intention to index the whole volume 

■ 

uf which this ft»rms a part, but such larj^e ])ateontoIoi:ical pai>ers, com- 
plete in themselvf.**, should be indexitl indejn»ndently. For similar rea- 
sons, as well as to improve the apjM'a ranee of the pa^e. it would be 
better t«» use a L'reater variety «)f tyi»e in the descriptions of the species, 
e?j»»-cially in the headings. t. w. 8. 

Tfi* Fan if! nf tfif Maiftifsian Svriev. F. W. Sardes(.>n. (Bull. Minn. 
Acad. Nat. Sci.. vol. iv. no. 1. pp. SS-iai. plates 5 and 6, 189G.» This 
paper consists chiefly of a succession of very brief notes and descriptions 
of twenty-nine species (two trilobites, five hrachiopoda, seventeen gastro- 
poda and five cephalopoda— eighteen of them new) which have been ob- 
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served by Mr. Sardeson in the Sbakopee, Oneota, Jordan and Saint 
Lawrence formations of Minnesota and Wisconsin. These notes are 
preceded and followed by four and one-half pages of matter devoted to 
subjects as follows: (1) A statement of the object of the paper; (2) an 
enumeration of the lithological divisicms of the "Lower Magnesian" and 
"Potsdam" of the upper Mississippi basin; (3) general remarks on their 
faunas, in which the author expresses the opinion that the **Shako|)eo 
is faunally separate from the Saint Peter alxjve and to a less degree also 
from the Oneota below/' and that the Oneota, Jordan and Saint Law- 
rence formations are closely related to each other and faunally distinct 
from the St. Croix sandstone beneath them; (4) remarks on preserva- 
tion of fossils: (5) table showing vertical range of species; (6) list of and 
critical remarks on Lower Magnesian species descrilied from Iowa by 
professor Calvin: (7) list of Lower Magnesian fossils described by Whit- 
field and A. Winchell and remarks on the same: (8) a statement to the 
eflPect that the Shakopee fauna is most like that of the "Upper Calcif- 
erous," while ''that of Oneota, Jordan and St. Lawrence is likewise 
comparable to the Lower Calciferous of New York;" and, finally, (9) a 
paragraph devoted to the **biol()gical side of the question," in which we 
find the very true observation that **to associate the species Haphisto- 
ma leioHomelhim, R. leuustonetiHe, R. minncHoieuHe and R. oweni is to 
extend the limits of the genus." From the table showing vertical range 
of species we learn, and this is perhaps the most important fact estab- 
lished in this pai)er, that all of the seven species found in the ShakojK^e 
are restricted to that formation, while of sixteen species found in the 
Oneota, five occur also in one or both of the two formations immedi- 
ately beneath. 

Concerning the various species, especially the Gastro[Kx3a, many of 
which are represented in th(» reviewer's cabinet, we are led to remark 
that Mr. Sardeson seems to have had anything but a clear conception 
of their generic affinities. His descriptions of new siK^ciesalso, consider- 
ing the X)Oor character of the illustrations, are Uh) brief and quite devoid 
of anything like comparisons with previously known forms. Evidently 
he proceeded to name his fossils without comparing them with species 
described from equivalent rocks in other regions. Naturally such work 
is very liable to swell the list of synonyms and it will \)0 extraordinary 
indeed if Mr. Sardeson e8cai)es entirely the resiKmsibility of having pro- 
ptosed one or more unnecessary names in th(» paper under discussion. 
One already is evident in his Murrhiso/iia nryylcnsitt, which, with gcxKl 
specimens before us, we do not hesitate tn pronounce thc» sJime as ^f. 
anna Billings. The apical angle (jf this shell is given by Mr. Sardeson 
as 160**. It should be If/* or 10*^. We assure him alsr» that the band is 
not central but lies in the lower third a short distance alxne the suture. 

The carina or angle forming the lower lx)undary of the flattened outer 
face of the whorls of his Helicot<nna (/) prccatontca, as well as the 
shape of the shell in general, is indicative of Trocliont^nia and not Ileli- 
eoioma. The species seems to l^e related to T. exfle Whitfield. His 
Rs^uioma lewintonense^ on the other hand, should have Ijeen referred 
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to Heh'cuttnini. Ofthihta altutruais, Ritphi\st<tma minncHotense and 
A'. oirt'Hi nro iU)ul>tio88 conjr<^ni»ric, ami if om» is an Ophileta the other 
t\vt> an* alnti. Wliatever |K^tion they may iK»ciipy ultimately it is cer- 
tain that they an* i|inte distinct fnnn Raphistoma. Of the five species 
n^fernnl tu the latter ^enus by Mr. Sanlesim, imly one, R, ruidum, 
prohahly In^lon^ hen*. The Strti^Htmifus iutrtiMnitus we would call an 
KiH'jffiitmplnilus with ci>nti^uous whorls. Sitbulites <m'(ic/mx should have 
l>een (.Hmtpannl with S. ctihifvrun Hilling. Like that species, it is a 
Mfitix/iim and not a Sulmlites, k. o. u. 

Thf haitna of tht' (\nuhriiiu of Tt'Jn^vic ntui SknJ h» Bohemia. By 
J. K. lVMi»hVKJ. ulahrhuch der k. k. p»i>l., Reichsjinstalt, 1S9C>. 45 
Hand* «H(aft.) \\V owe to Dr. PomiHvkj's pen a very full and lucid 
aiH\»unt of the i\imbrian strata and fossils of the alK>ve Kx'alitii's in 
lU>heuua. The clay slates of the Paradoxides IhhIs pass di>wnward, 
after the intervention i»f a sandstone IhhI and felsites. into cim^Unner- 
Htes and siyi^lstom^s, in the lower (uirt of which another Cambrian 
fauna has Ikhui deUvttnl. Thest* rest up^ni jx^rphyry and dial^se which 
overlie i;raphitic clay slate, the true Eta^ "B." 

It would s^vm fr\»m this eti^iy that a part of Barrande's Etap^^ B is to 
Ih* referrwl to the i^ambrian. there Iviuir a dis».**>rviani.v in this staiie, 
aiK) the \ipper |»art ^xmtainin^ a Cambrian fauna. 

The Ktai:%* i" has Kvn dividtxl by the li«>Ucmian i;^x»lv»krists, who tied 
|wv> subfauuas of l*araiK»xides, the upjvr of which is the priiu«'rvlia: 
fauna as known tv> Ikirrunde ^thou^h he was at\)uaii)ttH.l with a numl^r 
v»f aj»tvies that v.\»me frvuu the lower subfaunaj. The lower subfauca 
i.\»«tains l*'.if\t:{'Kt'i*(t< r*fju!osft<, the upijvr P. ln^httiut'tt* cf /\ tis-^'uf . 

\ Lower Cambrian fauna is referrevl to the OU'iielias irn.'Ci'ici:. 
thouich the iienus has iH»t l>tvn rxH.\»vert\l fn.»m it. but the crustUL-^-acs 
that dv» v-vvur are of dilfer»^tit sjvcics fn>m th«.>seof th-.* l\ir;idiixikjes'r r^-U 
aK»ve ar.vl si.»u;e i^'ner^i ar\' ditfereitt. 

A full des».Tiptii.'ii v^f riies*' fauuus is iziveii by Or. P-.u:it>vkj. ar*! .i 
nvimtvr of new sj»ecies are desi.'riK'vl. 

The c>scidiaus are v\el. repres**ntevl aixi a new i^ecus, v* i ■■,..:' •■/.^- 
f/.'-s. IS dest.Tilwi. 

The brae b iopiAis are reyrer^^ti'evl b> fotir genera: the •'/■».'■*'! '•■- 
lufnt'r'is, of l>arra:ide is ref/rred to .-!•.•■••'*/»» '' ii'-id n::«.'ther sjvc:e< * f *Liis 
<enus describevi.^ A ;!ii::u*e •sj.vci*^* of A'.:n.'rrvr»i. 'irar A. <t *• •' -■* v. 
Seebacii. is des*.Tihe».i- .iLHi a Li!!i:u'eL.a. Tw<» <i:vc>'# .^t Orrcis. ■ f:e f 
the ••>lidd e (.'aM.bria::" Par-tiJi^xiues K*vi ''..-•//■ i/ir-' l?arr-.."" 'z*^ 
other iu severa. varieties :*^.'iL the Lt*::T L*:i:i:brian 0'-?>\";.:s :• r:- 

K : V e ?if.vc tes ..i I'l.*. >/ r.' «.• v a r • ».' : > ■• f A.; ■] • -st -s a !>• ; i : r'O : " ; v ■?: t- v >* s* v • ~ 
descriot-ti '.'V Bar»-;iL:<;«-. 

I'he sTvcu»s :t Pa -a- ii\ ■•'.•*< u'Jtt H;.'.:?* vt hau-s \"r .•.I's*."*'. t-" '•" 
Btvck. i.''p;a a:jo. Bar'-i"«le. ■:'V.*epr l*^. a"-:h."J > ■ a: i-»-«i ».s :'■ v 
it lit n \ tb -S SLVcies "S ^ j:*'; li" fr' /•''.'' »■• ■ /* / t< *!•' ( •»* ni* ^ DJir** i.^r. 
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Pompeckj, therefore, api)ear8 to assign HydrocephaluH as a subgenus of 
Paradoxides. 

Under the Olenidne he includes Conocoryphe, Ctenocephalus, Cono- 
cepbalites, Ptychoparia, Solenopleura, Aj?ranlos, Ellipsooephahis, Pro- 
typus and Sao. In addition to a number of well known spt^cies of 
Barrande and Emmrich, Dr. Pompeckj describes some new forms from 
the Paradoxides beds - a variety of Ptychoparin striata and one of Ag- 
nostus integer Barr. But the most notable additions an^ in the fauna 
of the Olenelius zone, Lower Cambrian, consisting of a Protypus (?), an 
Ellipocephalus, two Solmopleura (one species referred doubtfully), an 
Agraulos and two species of Ptychoparia. The Protypus is defective 
and doubtfully referred. In the long glabellas of some si)ecies and the 
continuous sylobcs of others the fauna shows relations to that of Proto- 
leud, but all the species and several genera are different. 

A portion of the memoir is given to a comparison of the fauna of the 
Lower Cambrian with the corresponding faunas of other regions, esix?- 
cially of Great Britain, Scandinavia, Estland (Russia) and Sardinia. 
Another part of the work is given to an analysis of the fauna of the Bo- 
hemian Paradoxides beds and a comparison with those of other coun- 
tries—Great Britain, Scandinavia, France, Spain. 

The memoir is accompanied by five excellent plates of the 8j)ecie8 
found at Tejrovic and Skrej. (;. k. m. 

Geologival Survey of AV?r Jersey^ Anujial Hejxtrt for Hie year IHU.'S. 
John C. Smock, State Geologist. (Pages xl, 198, with seven plates and 
nine figures in the text. Trenton. N. J., 18%.) The administrative re- 
port of the State Geologist comprises 21 pagep, in which the work dur- 
ing the past year in all the branches of the survey is concisely reviewed. 
Four reports, with more full details, are given, the first heing by Prof. 
RoLLiN D. S/XLisurRV, on the surface geology : the second by Dr. J. E. 
Wolff and Lkwis G. VVkst(;atk, on the Archean geology of the High- 
lands in northern New Jersey, and espetrially of the northern part of 
Jenny Jump mountain, in Warren county : the third by Lkwis Wool- 
man, on artesian wells in southern New Jersey : and the fourth by C. 
C. VKR.MErLE. John Giffoko, and Giffokd Pinihot, on the forests of 
the State. 

The report of Prof. Salisbury, who was assisted by (i. X. Knapp, gives 
con.siderable descriptions of the Beacon Hill, Pensauken, and James- 
burg formations, which were formerly chissed together as the ** Vellov^' 
gravel.-* The first of these three divisions is referred to the Miocene 
perirxl, and the second to the Lafayette pericxl ^according to the last 
preceding annual refK)rt of this survey), while a part of the thirtl, in its 
latest and topographically low«*st development, is found to l)e equivalent 
with the ** low-level Columbia '* formation of the states southward and 
with the Trenton gravf»l of the Delaware valley. A map shows the scat- 
te red areas where the Pensauken or Lafayette formation has been spared 
bv subaerial erosion, stretrhing across the state from Salem countv. 
opposite to Wilmington, Del., northeastward to the Karitan river be 
tween New Brunswick and Perth Amboy. Continuing eastwan] from 
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the j«outhprD part of this helt. it is pmbaMe that Pensauken beds are 
thinly spread on the siirfat^. «»r I hat they underlie the shallow James- 
burjr sand deijusitn. thnmifhout all southeastern New Jersey. 

Mr. Westgate. from hii* careful mapping of the metamorphic gneiss 
and limestone l>flts of Jenny Jump mountain, ooncludes that the white 
crystalline iiuiestones there found are distinct fn.»m and older than the 
blue crystalline limest(»ne. of Cambrian age, which occurs along the 
north w».*slern side of the New Jersey Highlands. This is the view which 
has In-t-n generally held, but it has been called in question by Mr. F. L. 
Nas«in and others, with arguments f«ir the derivatii-n of the white lime- 
stones from the blue thn.iugh metamorphism. w. v. 

Evi'Uttrt's nf fi far till Actinh in Aii:<tnilia iit Permn-Ctirltmifemus 
Tim* . By T. W. EiXiEwtiRTii Oavid. Profess^^r of Geology in the Uni- 
versity iif Sydney. -Quart. Jnurn. Ge^.^1. S«x'., London, vol. lii. pp. 289- 
301. read Feb. ."j, Isf*;, with sections and a figure of aglaciateil l)i»ulder, 
retlucitl from a phr»tograph.i This papier reviews the work done by pre- 
vious obsvrvers in tracing the extent of the Permo-CarU>nifennis gla- 
cial deyN»sits of Au.stralia and Tasmania, and. after stating the latest ob- 
servatiims by the author, correlates these dejKtsits with the similar and 
at least approximately contemiH.»ranenus glacial formations of stiuthern 
Afrii'a and India. It is als^ii noted that iH.^s.<ibly the lands now repre- 
senteil by South America were likewis*.* irlaciateil at the same time, ac- 
coixlimr ti» discoveries bv I)rrbv in siiuthern Brazil. In the Am. (teol- 
of.isT f«ir May. 1S8V* ■ vul. in. pp. ift>ft-:yi» . an excellent dismission of this 
Lat'* Carboniferous or Permian glaeial |ierifKl was given by David White, 
with tliscussiou uf tht* relations of the Cilossi^pteris tlora. Like the 
Quaternary glacial j»eriiHl. that near the end of the Paknizoic era seems 
to have prevailevl in both the in>rthern and s«.»uthern circumiH.>lar n^gions, 
if, as serms most pmbabii.*, the ancient irlarialetl nK'ks found by Dr. 
Reuseh .Vm. (iEoumhst. vi»1. vii. p. :fciS: June, lS91i, on the Varanger 
fj«»rd. in nt.»rthiTn N«»rway. are of the same age. 

The Australian glacial bt.tls i«riginally had a gn^at areal extent, and 
at Bacchus Marsh, in Victtiria, they jirestMit a thickness of alxnit 2,mX) 
feet, iH'jiinirini; to a succession of many glacial and interglacial stages. 
Xine »ir ten distinct iMiulder-bearing hi.»riz'.>ns are there se|^irate<l one 
frnhi another bv thick deiMjsits of sandstone and conglomerate. Another 
district, in New S«.»uth Wales, displays •• a group of c(»al measures, over 
23l» feet thick, and comprising from '20 to 40 feet in thickness of ctml." 
between two horizons of marine l>eds enclosing ice-lKirne boulders. In 
the several districts where striated rock pavements are found, showing 
the direct it »n of the drift transportation, it was from south to north. 
The plentiful occurrence of striated l^oulders leaves no doubt that they 
were supplied by glaciers or ice- sheets. w. v. 

Thv Stni tiling of the Earth under Secular Cooling. By C. Daviscix. 
(Phil. Mag., Feb>, 1806.) In thia article, which is substantially a new 
edition of the same autboc^ papv raad before the Royal Society in 
Feb'y. 1891, Mr. |)uiHM|HH||^|ptoat deduction on the subject of 
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the "layer of no strain." Estimates published a few years ago when 
the topic was first discussed placed this stratum at a depth of about 
two miles below the surface. But it was pointed out at the time that 
so small a depth could not be sufficient, because many cases were known 
in which strata have been brought to the surface by folding from far 
greater depths. This is the case, for instance, in the Appalachians, 
where rocks that were once covered with eight miles of other beds are 
exposed to the day. 

Mr. Davison says, "Estimates of the depth of the surface of no strain 
have hitherto been founded on the assumptions that the conductivity 
and coefficient of dilatation are constant." But taking the other datum 
that these factors increase with the temperature and following out the 
calculation, Mr. Davison comes to the conclusion that with an initial 
temperature of 7.000^ and a period of 100,000,000 years the level of no 
strain would be at the depth of nearly 8 miles. Evidently, however, 
even this increased depth will fail to satisfy the physical geologist, as 
shown above. Mr. Davi8<m, however, says, **The numerical results here 
obtained cannot be regarded as reliable. They are given for their qual- 
itative rather than their quantitiitive value," and concludes thus, "If 
we regard the contraction theory as a theory of the formation of moun- 
tain ranges only and not necessarily of the continental masses, we 
may, I think, conclude that calculations as to its allegetl insufficiency 
are at present inadmissible." e. w. v. 

The Great Valley of California : a CriticiHtii nf ihe Theory of Isoh- 
tasy. By F. Leslie Ransome. (University of California, Bulletin of 
the Department of Geology, vol. i, pp. 371-428, Berkeley, Cal., May, 
189G. Price, 45 cents.) The valley plain of the Sacramento and San 
Joaquin rivers, with its continuation in the area of int(»rior drainage 
tributary' to Tulare lake, has a length of about 400 miles and an average 
width of 50 miles, giving it an area of 20,000 square miles. Excepting 
at San Francisco bay, this lowland plain is entirely enclosed by moun- 
tains, its eastern and western lM)undaries being resix^ctively the Sierra 
Nevada and Coast ranges. It dates from the time of great orogenic dis- 
turbance at the close of the Miocene period, by which the Coast ranges 
were first uplifted as a ccmnected mountain chain ; but the principal 
topographic features may he said to have their origin in the long subse- 
quent Early Quaternary faulting and westward tilting of the Sierra 
Nevada belt, raising its eastern border to its present great hight, while 
at the same time the Coast mountains were again greatly uplifted. But 
these orogenic movements on both sides of the valley plain have been 
also continued, as the author affirms, during the Pleistocene period, 
with their antithesis in the progressive subsidence of the intermediate 
valley belt, upon which Quaternary sediments from the waste of the 
mountains have been dei)oHit<»<l to a maximum thickness exceeding 2,000 
feet. The relationship between the sedimentation and the subsidence 
Ib shown to be discordant with the theory of isostasy, as applied to such 
restricted areas of the earth's crust, though perhaps not opi)08ed to its 
application to continents and ocean basins. w. u. 
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The National Cyclopoidia of American Biography. (New Y'ork: 
James T. White & Co., 1893-9(>.) In the six volumes, each containing 
about 530 pages, already published of this work, biof^raphical sketches, 
with portraits, of many geologists and paleontologists of the past and 
present time are found, including Louis and Alexander Agassiz, George 
H. CfM)k, James D. and E. S. Dana, Amos Eaton, Persifor Frazer, Ar- 
nold Hague, James Hall, Edward Hitchcock. T. Sterry Hunt, Alpheus 
Hyatt. Charles T. Jackson, Joseph Leidy, Henry Carvill Li^wis, J. W. 
Powell, Raphael Pumpelly. Samuel H. Scudder, Eugene A. Smith, 
Charles A. White, Alexander Winchell, and Amos H. Worthen. It is 
planned to continue the work to a total of twelve volumes. w. u. 

Sur un Crista! de Labrador du Gabhro de Minnesota, By N. H. 
Winchell. (Bull. d. 1. Soc. Franc, d. Min., t. 19, pp. 90 92, 1896.) A 
huge porphyritic crystal of plagioclase from the anorthosyte of Beaver 
Bay, on the north shore of lake Superior, isdescril^ed and figured. This 
crystal is the largest porphyritic labradorite, on which good crystal 
faces occur, that has been recorded. It is a Carlsbad twin of tabular 
form and is 67.2 mm. across and 15.25 mm. in thickness. The forms 
which occur are listed and an analysis is given, which shows the feld- 
spar to be between Abj An2 and Abj An.^ or labradorite-bytownite. 

• ir.s.(>. 



RECENT PUBLICATIONS. 



/. Government and State Reports, 
15th (180.3-'94) Ann. Rept. U. S. Greol. Surv., xiv and 755 pp., 48 pis., 

1895. Preliminary paper on the geology of the common roads of the 
United States, N. S. Shaler: The Potomac formation, L. F. Ward; 
Sketch of the geology of the San Francisco peninsula, A. C. Lawson; 
Preliminary report on the Man^uette iron -bearing district of Michigan, 
C. R. Van Hise and W^. S. Bayley, with a chapter on the Republic 
trough, H. L. Smyth; The origin and relations of central Maryland 
granites, C. R. Keyes; with an introduction on the general relations of 
the granitic rocks in the middle Atlantic Piednumt plateau, G. H. 
Williams. 

Ann. Rept. New Jersey Geol. Surv. for 1895, xl and 198 pp., 7 pis., 

1896. On caswellite, an altered biotite from Franklin Furnace, N. J., 
A. H. Chester; Surface geology -report of progress, R. D. Salisbury; 
Report on Archean geology, J. p]. Wolff; The geology of the northern 
l>art of Jenny Jump mountain, in Warren county, N. J., L. G. West- 
gate; Report on artesian wells in southern New Jersey, Lewis Wool man. 

111. State MuR. Nat. Hist., bull. 10, 91 pp., 5 pis., July 10, 189(3. Some 
new species of Echinodermata and a new crustacean from the Paheo- 
zoic rocks, S. A. Miller and W. F. E. Gurley. 

II. Proceed in (J H of Scientific ASocietics. 

Trans. Wagner Free Jnst. of Sci., vol. 4, xiv and 01 pp., 19 pis.. Jan., 
IS^Mk Fossil vertebrates from the Alachna clays of Florida, Joseph 
Ijeidv (edited by F. A. Lucas). 
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Proc. A. A. A. S., 41th meeting? (Springfield, Masfl., 1895), cxix and 
•414 pp., Salem, 189G. Om tains the following abstracts of papers relat- 
ing to geology: Gotham's cove, or fractured rocks in northern Vermont, 
C. H. Hitchcock; Recent discovery of the occurrence of marine Creta- 
ceous strata on Long island, Arthur Hollick: The relations of primary 
and secondary structures in rocks, C R. Van Hise: Geological not^^s on 
. the isles of Shoals, H. C. Hovey; Subdivisions of the Upper Silurian in 
northeastern Iowa, A. G. Wilson; Supplementary notes on the meta- 
morphic series of the Shasta region of California, J. P. Smith: The 
great falls of the Mohawk at Cohoes, N. Y., W. H. C. Pynchon; Geo- 
logical canals between the Atlantic and Pacific oceans, J. W. Spencer; 
Recent elevation of New England, J. W. Spcmcer: View of the Ice age 
as two epochs, the Glacial and Champlain, Warren Upham; Terminol- 
ogy proposed for descripticm of the shell in Pelecypoda. Alpheus Hyatt: 
A resurvey of the whirlpool and vicinity of the Niagara river, with a 
demonstration of the true geology of the locality, G. W. Holley; Gla- 
cial phenomena between lake Champlain and lake George and the Hud- 
son, G. F. Wright; The Archean and Cambrian rocks of the Green 
Mountain range in southern Massachusetts, B. K. Emerson; The geol- 
ogy of Worcester county, Mass., H. K. Emerson: Interesting features 
in the surface geology of the Genesee region. New York, H. L. Fair- 
child; Distribution of sharks in the Cretaceous, C. R. Eastman; Ac- 
count of the discovery of a chip|)ed chert imi)lement in undisturbed 
glacial gravel near SU*ubenville, Ohio, G. F. Wright. 

Proc. and Trans. Nova Scotian Inst, of Sci., vol. 9 (2nd ser. vol. 2), 
pt. 1, 189(5. Notes on concretions found in Canadian rocks, T. C. Wes- 
ton: The iron ores of Nictaux, N. S.. and notes on steel making in Nova 
Scotia, E. Gilpin, Jr.; A foraminiferous deposit from the bottom of the 
north Atlantic, A. H. Mackay: Notes on the geology and botany of 
Digby Neck, L. W. Bailey. 

Trans. Kansas Acad. Sci., vol. 14, 370 pp., Topeka, 189G. On the 
analysis of the deposit from a chalybeate water, E. C. Case; On the 
constitution of a natural oil from Wilson Co., Kans., F. B. Davis; A 
dying river, J. R. Mead; The Topeka coal hole, B. B. Smyth; Coal in 
Atchison Co., Kans., E. B. Knerr; Rock exposures about Atchison, J. 
M. Price, Jr.; The te>rminal boulder belt in Shawnee Co., B. B. Smyth; 
On the eastern extension of the Cretaceous rocks in Kansas and the 
formation of certain sandhills, Robert Hay; The river counties of Kan- 
sas—some notes on their geology and mineral resources. Robert Hay; A 
bibliography of Kansas geology with some annotations, Robert Hay. 

Annals N. Y. Acad. Sci., vol. 9, Nos. 1-2, June, 1896. The monoclinic 
pyroxenes of New York state, Heinrich Reis. 

///. Papers in Scienlijic Jomniah. 

Science, June 5. On the detection of glacial stria? in reflected light, 
F. C. Schrader; Occurrence of uintaite in Utah, G. H. Eldridge. 

Science, June 12. The Smeeth separating apparatus, J. S. Diller; 
Current notes on physiography, W. M. Davis; Variations of glaciers, 
H. F. Reid. 



\ 
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Science, June 26. Fishes, living and fossil, Theo. Gill; Current notes 
on physiography, W. M. Davis. 

Science, July 3. The Lacoe collection in the National Museum, G. 
B. Goode; Note on the Devonian Palwospondyhis, Theo. Gill. 

Science, July 10. Work of the United States Geological Survey for 
the fiscal year 1896-97, W. F. Moreell; Current notes on physiography, 
W. M. Davis. 

Science, July 17. A central Wisconsin baselevel, C. R. Van Hise. 

Science, July 24. Recent hydrographic examinations in the Appala- 
chian area, C. C. Babb; Current notes on physiography, W. M. Davis. 

Nat. Greographic Mag., June. The Seine, the Meuse and the Moselle, 
W. M. Davis. 

Journ. of Geol., May-June. Classification of marine Trias, J. P. 
Smith; The geology of the Little Rocky mountains, W. H. W'ee<l and 
L. V. Pirsson; Schistopity and slaty cleavage, G. F. Becker; Deforma- 
tion of rocks. III, C. R. Van Hise: Ijarge scale maps as geographical 
illustrations, W. M. Davis. 

Am. Jour. Sci., July. Observation on percussion figures on cleavage 
plates of mica, T. L. Walker: Pearceite. a sulpharsenite of silver, and on 
the crystallization of ])olybasite, S. L. Penfield: Hydrology of the Mis- 
sissippi, J. L. Greenleaf; Preliminary note on the relation of certain 
body-plates in the dinichthyids, C. R. Eastman; Tertiary flonvs of the 
Yellowstone National park, F. C. Knowlton: New heUnlont reptile 
(Stegomus) from the Connecticut River sandstone. O. C. Marsh; Sepa- 
ration and its bearing on geology and zoogeography, A. E. Ortmann. 

Am. Jour. Sci., Aug. Geologic efficacy of alkali carbonate solution, 
E. W. Hilgard: Northupite, pirssonite, a new mineral, gaylussite and 
hanksite from Borax lake, San Bernardino Co,. Cal., J. H. Pratt; Bear- 
paw mountains of Montana, second paper, W. H. Weed and L. V. Pirs- 
son; Comix)sition and structure of the Hamblen Co., Tenn., meteorite, 
G. P. Merrill; Wardite, a new hydrous basic phosphate of alumina, J. 
M. Davison. 

Appletons' Pop. Sci. Month., July. Causes, stjiges. and time of the 
Ice age, Warren Upham. 

Same, Aug. The stone forests of Florissant, A. Heilprin; Sketch of 
W. W. Mather, with portrait. 

Technology Quart., March. The sea mills of Cephalonia, P. W. 
Crosby and W. O. Crosby. 

Kansas Univ. Quart., July. Hoplophoneus occidentalis, E. S. Riggs; 
On the dermal coverings of Hesperornis, S. W. Williston. 

Terrestrial Magnetism, July. A summary of the results of the recent 
magnetic survey of Great Britain and Ireland conducted by Profs. 
RUcker and Thorjie (contains a chapter on the relation between the 
magnetic and the geological constitution of (ireat Britain and Ireland), 
A. W. Riicker. 
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An Ally of Daimonelix. In a paper published in the Geologist 
for June, 1895,* I called attention to the peculiar genus Daimonelix 
from Nebraska and some allied fossils from New York anrl Switzerland. 
These were the coiled **fucoid" known as Spirophyton, and certain fos- 
sil **8crew stones'* described by Oswald Heer, While the actual posi- 
tion of the fossils in classification remains unsettled it is at the same 
time interesting to record any similar remains. 

On a visit to the geological department of the British Museum last 
March I was attracted by a specimen in one of the cases, a figure of 
which 1 subjoin. It was a mass of flint that had been broken and in the 




Flint stone in tho Britinh Musoura with a coiliKl fossil, 
interior of which was an upright stem with something coiled about it. 
It bore the label, *'Annelid commensal, with a sponge.'' It was about 
four inches high, and came from a Cretaceous horizon. In general as- 
pect it bears a resemblance to the **8crew stones'* of Heer and to the 
gigantic fossils of Nebraska, Daimonelir, While it would bt^ rash to 
conclude that all these are of the same nature, it is at the same time 
interesting to note something of a resemblance. 

Joseph F. James, M. D. 
Uingham, Mass., June 13, ISUO. 



PERSONAL AND SCIENTIFIC NEWS. 

Prop. G. D. Harris, of Cornell University, is spending the 
Bunimer in Alabama, making paleontological collections fo 
the University. {Science.) 

•Vol. XV, pp. 337-342, pi. 2. 
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PuoF. J. Paul Goodk, of tlu^ State Normal School at Moore- 
lioad, Minn., delivered two foursosof lectures on ph^'siography 
at the sunnner school of the L'niversitv of Minnesota. 

William Willia3Is Mathkk. X sketch, with portrait, of 
this geologist is given in Aftpfetons* Popular Svience Moufhhi 
for August. Mr. Af ather is known especially for his line work 
on the Cieological Survey of New York during its early years, 
and also as the lirst state geologist of Ohio. 

Pkof. (t. Fkedkkick Wright, in the preface of the new 
fourth edition of "'The Ice Age in North America." dated 
last •lune, givt»s in seventeen pages an enumeration of the 
principal contributions to the literature of the glacial geology 
of this continent during the past five years, with occasional 
notes of comment and criticism. 

Thk (\\liforxia Statk MiNiN(i HuRKAr has recently issued 
(Bulletin No. S, April, 1S96) a statistical table showing b}' 
counties the mineral productions of the state for the 3'ear 
1895. The total product amounted to J|I22,844,<)64.29, or an 
increase of more than two and a half millions over 1S94. The 
production of precious metals for 1895 was J|»ir),934,l07.39, of 
which almost .t(>00,000 was silver and the balance gold. The 
table was compiled b}' Charles G. Yale, statistician, from 
direct returns from the producers. 

Thk roi-R-Ti'SKED Mastodox. On page ;^25 of this magazine 
for May, 1895, in a notice of the Mastodons recently set up 
at Cincinnati, the remark is made that the Mastodon with two 
tusks in the lower jaw has been hitherto limited to the Old 
World. Keferring to this passage, professor B. K. Kmerson 
writes. "The museum of Amherst College contains a specimen 
of -V. america/iu,s with both the tusks preserved in the lower 
jaw. The}' a re ten inches long and two in diameter.'' The 
same museum also contains the two lower tusks of Jf. shep- 
artli from California, described by Dr. Leidy. 

Prof. J. 1). Whitnky, of (Cambridge, Mass., died at New 
London, N. H., Aug. 19, at 77 years of age. Prof. Whitney 
was graduated from Yale in 1S39, and in 1840 he made an 
extended^survev- of New Hampshire. In 1847 he made a geo- 
logical exploration of the lake Superior region, followed by a 
survey of the mining regions of all the states east of the Mis- 
sissippi river. In 1855 he was appointed state chemist of 
Iowa and professor of the Iowa State University. In 1860 he 
was appointed state geologist of California and five years later 
he was made professor of geology of Harvard university. In 
1870 Yale honored him with the degree of LL.D. In a future 
issue the GKoLO(iisT will <*ontain a suitable sketch of this em- 
inent geologist. 
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Nansen's Polar Expedition. 

Tidings were received August 13th from Vnrdoe island, 
Norway, by the steamer Windward, on her return from carry- 
ing supplies to the Jaekson-Harmsworth expedition, announ- 
cing the arrival of Dr. Fridtjof Nansen in P>anz Josef land. 
As reported b}^ telegrams, he states that his streamer, the 
Fram. was frozen in the ice-pack near the end of September, 
1898. in latitude 78^ 7' N. and longitude 133*^ 37' E.. nearthe 
northwestern shores of the New Siberia islands. During the 
winter and spring they drifted to the north and northwest, 
reaching Sl'=* 5t!' X. on June 18, 1894, after which, during the 
summer, the course of the drift was southerly. Changing in 
the autumn again to northward drifting, they readied the 
latitude of 83*^ 24', the farthest ever previously attained (by 
Lockwood and Brainard), about Jan. 1, 1895. On Jan. 4 and 
5, while the Fram was frozen in tloe ice thirty feet thick, 
this floe was overriden by ice masses which threatened to 
crush the steamer. After escaping safely, however, from this 
peril, the drift continued toward the northwest. 

Leaving the steamer and crew at 84^ N. and 102^ K., about 
midway between cape Chelyuskin and the pole, Nansen, with 
one companion, Lieut. Hansen, advanced afoot with sledges 
to latitude 86^ 14', lacking only 226 geographical miles to 
reach the pole. Thence turning back, they came to the north 
coast of Franz Josef land, and built a stone house in which 
they spent the winter of 1S95-96. On June 17th of the pre- 
sent year, while Nansen and his comrade were setting out for 
a journey across the tloe ice to Spitzbergen, they were met by 
Dr. Jackson, of the Jaekson-Harmsworth expedition, who had 
wintered in a more southern part of Franz Josef land. Nan- 
sen believes that the Fram, in charge of Capt. Sverdrup and 
the others of the crew, whom he left in good health, will 
successful I}'' endure the long ice drift, and that even this year, 
having been carried into open water, the F'ram may safely re- 
turn to Norway. 

The drift carried the Fram more westward and less pole- 
ward than was hoped, and its release from the floe ice will be 
apparently between Franz Josef land and Spitzbergen. After 
passing latitude 79^, northwest of the New Siberia islands, 
the sea, to that latitude no more than 90 fathoms deep, was 
found to increase rapidly in depth to soundings of 1,600 to 
1,900 fathoms. 

Postscript. On August 20th, just a week after the first news 
from Nansen, and after the foregoing had been written, the 
prophetic expectation of the intrepid explorer for the return 
of his ship and crew was verified by a telegram from Capt. 
Sverdrup, that the Fram, with all on board well, has reached 
»r^rii islands of Norway, on her way to the port of 

w. u. 
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Prof. II. B. P.imix, in a i>a[>er read before the Colorado 
Sirientitii- Society Xov. 4. 1S05, desi-ribes and illustrates bed- 
ded vnlcanii- congloraerute? nnd breccias in the upper Rio 
Grande valley. The depth of these volcanic formations he 
entimnte^ at thoiinnndi? of feet. The rook is u^iually basic or 
andedtic. consists of pebbiec, hoiilderis, etc.. imbedded in a 
tenacious, tine ash. Under rain and erosion the rock takes on 
fant'istit* shapes and stands in ttioluled columns and peaks. 

The Polak Cai' of MAiti:. Mr. Perciral Lowell has a dis- 
cussion of HKrent observations: on the ice-c»|) of Mars in 
■■Popular Aslrononiy '■ for September, accompanied by a 
chart showing iti" shape and various sizes from June 3 to 
Oct. 5, 18H4. and the intersecting canals. The center of the 
cap is about fi"" eseeutric from the geographic pole of the 
planet, and its most norlht-rn extension (the cap is on the 
south pole) is to about latitude uh^. The much discussed 
canals are explained as natural rifts in the cap along which 
the body of the planet is uncovered, or in which the oceanic 
waters enter. The entire cap is formed and melted annually. 

Facts about the Gkeat Lakes. Mr. P. Vedel has tabulated 
the physical features of the gi-eai lakes in a late nnmber of 
the Journal of the Western Society of Engineers as shon-n 
below. 
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The Ixtkhsatiosai. CosiiREss of Geolooistb. 
The general eoinmittee of organization has issued through 
Jlessrs. A. Karpinsky. jiresident. and Th. Tschernyechew, sec- 
retary, a circular of information concerning the seventh ses- 
sion of the International t^'ongress of Geologiets. The tession 
will be held at St. Petersburg in the latter part of the month 
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of August, 1897, and will lust about eight* d^jf^^ The meet- 
ings will not be held by sections as at Zurich. "TtfeV' will''%P 
devoted to the discussion of general prVnciples tvhicH^n the 
present state of geological science arVliicely to lead JLo satis- 
factory results. And in Russia, specially, it is ho|5pd^:Jby tihe 
committee, that communications be made on iiii^o^tiittt goo- 
logical work that has been undertaken, the resnltP of which 
cannot yet be published, and on new methodis of scientific 
study not yet published. There will be special meetings with 
the different scientific societies during the session of the Con- 
gress, at which both Russian and foreign geologists may pre- 
sent comninnications on any new discoveries, new instruments, 
etc. Halls will be put at the disposition of Aife-eitfbere .ofiitjiA 
Congress for the exhibition of geological mai^B^^iprbQie^.^CNe- 
iniens, etc. » n .ij .fnH t>f/, .^^,j 

The excursions that will be made in connection with this 
session of the Congress will be a mehiAv?ib1*^^feAtiife. Ap ^as 
announced at the Zurich session, they will be of two sorts: 

1. Those designed to afford exanYiVi'*ttWr of Vei^tajji if? ter- 
es ting localities. 

2. F^xtended general excursions. 

The first of the extended excursions will be speciaji/vith, re- 
spect to the Ural and general with respe(<t^to'ti]Se"J'€'gionp ^hat 
-will be traversed in order to reach that chain, rind wilj; tjjike 
place before the opening of the Con'gfrtss^'i/fccl from the, 29th 
of July to the 22d of August. It will be under the direction 
of Karpinsky, Nikitin, Tschernyfedh^W;''KrABnopolaky .,and 
Stu(*kenberg. It will starf from M^si^byf- An<t wiM: touch .t^ie 
following points: Riazan. Penza, SyzrdA; 'Sttmaxa, OjUfa,"Zla- 
tooust, Tcheliabinsk, Kycht\^m, Ekaterinebourg, Tagji^il, 
Kouchva, Perm, Kazan, Nijni-NovgYM;*oH,*MbscWw, St. Pet^^rs- 
burjjr. .M-^'.ri .,., .(> • , ^ 

For those geologists who are inteV^st^d i^n t!be region of the 
V^olga there will be a variation in this excursion. The par- 
ticipants will visit, under the dflrelkftiit" of *S. Nikitin, the 
banks of the Volga, from Samara to 'Ka35ttn,"'where'ithe'y wllJ, 
rejoin the excursion returning frorii fhe'tfl'^ll." • ' ' ■ ,,,-;. 

At the sanii* time as the excursion to the Ural another yf,\\\ 
go into t^sthoni«M, under the guidah'(;e ^M" 'Fr. Sphloidt. >^'herf? 
the participant!^ will note the Cautlirififrt, therSilirrian and the 
glacial formations. This excursiT)h"UlirOc<5U'py about 'twelve 
days. '' """' '• '' * ' ; •' ,j.. 

It is also proposed to organize an "e:tl*ursion into Finland 
before the opening of the Congress. This will be under the 
direction of Messrs. Sederholm and Ramsay and will be plan- 
ned for the (examination principally of the cr\'Stalline rocks 
and the glacial formations. 
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Aft^r the close of the Congress there will lk» a lon"<»; excur- 
sion as follows :* 

1. From /Sit; Petersburg, visit Moscow and its environs. 

■* Dicision into three sections. 
Section A. Section B. Section C. 

2. From Moscow to 2. From Moscow to 2. From Mopcow to 
the basin of the Do- Nijni-Novgorod; voy- Ki^nv, hy the Dniept^r 
netz: study of the ase by steamer on the to Vliulikavkaz (un- 
Carboniferous sedi- Voljfa and to Vladi- der the direction of 
ments in the region of kavkaz (under the di- 8okn!nw rnd Thio- 
Moscow, Kharhow, rection of Pavlow and jjhi »hiow). 

etc. Amalitzky). 

Valley of the Do- 
ne tz (under the direc- 
tion of Tschernys- 
chew and Loutougin). 
Voyage to Vladikav- 
kaz and visit to the 
mineral waters. 

The three aections continue after reunion at I'hKtiAttrkffz. 

3. From Vladikavkaz to Tifiis, by the military road of 
Georgia; visit to the glaciers (under the direction of Loe- 
winson-Lessing). 

4. Tiflis and Bakou (guidance of Simonowitsch. Konscliin 
and Sjogren). 

6. Tiflis — Batoum. Visit to Tkviboul (uju!/r the guidance 
of Simonowitsch). 

6. From Batoum to Kertch. 

7. Kertch and other parts of the Crimea (guidance of 
Androussow, Lagorio, Golovkinsky, Vogt and i\arakasch). 

JO. Sebastopol. — Final meeting and close of the Congress. 

The whole excursion, from St. Petersburg;;: to Sebastopol, 
will require about a month. 

From this general excursion there are to be six diilVrent 
variations for special points of interest in central and souili- 
ern Russia, under guidance of some Russian geologists, the 
participants uniting again with the main excursion. 

An excursion will be organized to visit specially th;^ Cau- 
casus direct, without stopping in central or simtii'Mii Russia 
if a sufficient number of geologists express suv-ii a desire. 
This will take about twenty days. 

The committee desires to be informed, before the inonlh (»!' 
October, which excursion geologists will take part in. 'I1ic 
expense attendant on these excursions will be carci'ully esti- 
mated and notice of each will be given later. 

His majesty, the emperor, has granted t^) all ;;co|()^i^is who 
give, in sufticient time, their notification of att "ndan -e (»n tin* 
Congress, tickets giving free travel on the Russian railroads 
during their stay in Russia, before and after the ('on^rc^ss. in 
eluding the excursions. n. h. w. 
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DINICHTHYS PRENTIS-CLARKI. 

E. W. Claypole, Akron, O. 
(Plate VII.) 

During the season of 1895 Dr. Clark found a specimen which 
he considered a new species of Dinichthys. He showed it to 
me, and upon close examination there remained little doubt 
that his opinion was well founded. Its leading characters are 
accordingly given in the present note. Fortunately a consid- 
erable portion of the cranial armour was found, so that more 
details can be given of this than are known of some of the 
species hitherto described. 

From almost all the known forms it is readily distinguished 
by obvious differences. Two only resemble it so closely as to 
render confusion possible. These are />. yoxMi and D. in- 
termedius. Of the former the mandible is only imperfectly 
known. But this shows a long cutting blade and merely a 
rudiment of the second cusp, whereas in the fossil now in 
hand the latter, though lost, was obviously present in life as 
shown by its remaining base, and the cutting edge of the man- 
dible was apparently short. But in regard to the latter char- 
acter, the broken condition of its upper edge makes a positive 
statement on this point impossible. The opinion expressed 
above is, however, supported by the beveled margin of the 
maxillary hereafter to be mentioned. 
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From D. inter Medium its reparation is not difficult on the 
ground of size alone. The mandible, when complete, did not 
exceed six or six and a half inches in length, or less than half 
of that of the larger species. It is also much less massive, 
but in general outline the two are not unlike. The cranium 
also occurs entire, as in that species, and is figured in our di- 
agram. It shows all the plates outlined in the engraving of 
/>. ffifermediu^t, given in the American Geologist for October, 
18fl2 (Vol. x). The two sockets on the ex-occipital plateti 
for receiving the tenons of the supra-scapulas are, as usual, 
broken, it being impossible to separate these plates so long as 
both are entire. The pre-orbital plates, though imperfect, 
indicate less prominence than in the cranium of />. tHferme- 
tliun. The brain cavity is crushed in. the bone covering it 
l>eing thinner than the adjoining plates. The ethmoid is de- 
tached and only one- ha If of it was found. The two premax- 
ilhv remain nearly in place, but so forced into the plate above 
them that they form prominences on the upper surface. They 
differ somewhat in form, perhaps in consequence of use, but 
it is worth notice that the grooves worn in the outer edge of 
the mandibles by friction differ in the same manner. The 
sensorv canals arc distinct, and their course mav be more 
readily traced over the skull than in any other specimen yet 
figured. They are indicated by double dotted lines. 

Frasrments of both suborbitals were secured, but thev are 
loo imperfect for figuring and present no peculiar characters. 

Tile maxillary totuh of the left (r) side is figured and 
shows tiiree denticles near the point. It is almost certainly 
beveled by friction against the mandible. 

'I'he medi»»-dorsal plate is small, measuring but seven and a 
half inches in extreme length (of which the narrow projei'ting 
stem takes up two and a half inches) by six inches in greatest 
width. It is almost perfect, as shown in the figure, but pre- 
sents no characteristic feature calling for nt»iice. 

The supra scapula or ante-dorso-lateral plate is remarkably 
elongate laterally and very short in the fore and aft direction. 
The well marked tenon is strengthened by a tl a nge connecting 
its whole length with the main plate, which shows extensive 
underlapping surfaces on its exterior aspect. Fragments of 
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other plates have also been recovered, but they afford at pres- 
ent no additional knowledge regarding this or other species. 
I have much pleasure in naming this species after the son 
of its discoverer, whose enthusiasm in the work promises 
greater results in the future, Dinichthys prentis-clarki. 



THE FORT UNION FORMATION. 

By Walter Harvkt Weed, Washinsrton, D. C. ' 

The Fort Union group is a name familiar to all students of 
the Cretaceous formations of the Northwest. First used by 
Dr. F. V. Hayden, whose explorations of the upper Missouri 
form the basis of our present knowledge and claesilication of 
the Cretaceous of the great plains country, the name designa- 
ted the great lignite group of the "Country around Fort Union, 
extending northward into the British possessions to unknown 
distances; also southward to Fort Clark."* At the time the 
name was given the formation was also identified on the North 
Platte^ river above Fort Laramie, and on the west side of the 
Wind River mountains. Afterwards it was extended so as to 
include all the beds referred later to the Laramie (excepting 
the Judith River beds), as well as some still older formations. 
Abandoned by its sponsor for the later term Laramie, the 
name retained its place in geological literature owing to the 
earnest efforts of Dr. J. S. Newberry, who maintained that the 
beds to which the name was first applied constitute a totally 
distinct and independent formation of later age than the 
Laramie. t In his last paper upon this subject professor New- 
berry expressed his views quite clearly and forcibly, paying 
tribute to professor Ward's scholarly paper upon the flora of 
the Laramie group, which he claimed was really a description 
of the flora of the Fort Union formation. A later paper by 
KnowltonJ accepts this view. 

It seems unnecessary and out of place in this paper to dis- 
cuss the relations of the Laramie group, except to show that 
the Fort Union group does not belong to it. The recent dis- 

♦Proc. Acad. Nat. Sci. Phila., vol. xiii, 1861, p. 433. 

tThe Laramie Group. Trans. N. Y. Academy of Sciences, vol. ix^ 
No. 1., Nov. 4, 1889. Also Bull. G. S. A., vol. i, p. 524. 

JFoseil Plants from the Fort Union group of Montana. Proc. U. S, 
National Museum, vol. xvi, p. 313, Washington, 1^3. 
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eoveries in Colorado and the critical reviews of White* and 
Wardf have practically settled the question for all time. 

Time has shown that this conclusion of Dr. Newberry is 
correct, and as the name seems the only fitting and proper 
term by which to designate a formation of wide geographical 
extent in the region of the great plains of the Northwest, oc- 
curring from Dakota westward to the Rocky mountains, it is 
fitting that the name should be defined, its meaning clearly 
given, and the reasons for its use concisely stated. 

The object of the present paper is to show that there is in 
Montana a group of strata, including those originally called 
Fort Union, which overlie and are of latter age than the post- 
Laramie (Livingston) beds; that these beds are of fresh- 
water origin, characterized by a distinct flora of E(wene types ; 
and that the series is entitled to recognition as a distinct for- 
mation upon lithological, stratigraphical, and puleontological 

grounds. 

Tn trod actor y. — The sedimentary beds exposed in the bluff's 

of the Missouri river at the confluence of the Yellowstone, 
where the former military post of Fort Union was situated, 
were the first lignite- bearing beds of the great plains region 
thoroughly explored by Meek and Hayden. Extensive collec- 
tions of the fossil plant remains from these beds were made 
by Dr. Hayden, which were placed in the hands of Prof. J. 8, 
Newberry for study. A large portion, possibly all of the 
plants described by Newberry in his Later JCxttnct Floras,^^ 
came from the valley of the Yellowstone. This vallej^ was 
explored by the party to which Hayden was attached, for a 
distance of 100 miles or more above the mouth of the river. 
The plants were brought down to Fort Clark and were labeled 
Fort Union. The Pliocene age of this fossil flora was recog- 
nized by Newberry, but the failure of Dr. Hayden to discrimi- 
nate the formation from the Laramie caused much discredit 
to fall upon fossil plants as criteria of the age of strata, and 
proved one of the chief hindrances to a true understanding 
of the age and relations of the Laramie group. 

♦Synopsis of the Flora of the Laramie group. 6th Ann. Rep. f»f tho 
Director of the U. S. Geological Survey. 
tBull. 82, U. S. Gfeological Survey. Cretaceous. 
JN. Y. Lvc. Nat. Hist., IX, 1869. p. 27. 
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The name Fort Union, applied to the Fort Union bede, was 
afterwards extended by Hayden to include all the lignite-^ 
bearing beds of the Northwest, for which the term Lignitic 
group* was afterwards used. 

By agreement with Mr. Clarence King, the term Laramie,f 
used for the prominent coal-bearing horizon of the region of 
the 40th parallel, was accepted by Hayden, who extended it to 
include all of his Lignitic group, and he included in this all 
the lignitic strata of Montana. Explorations in the upper 
Missouri region by C. A. White and L. F. Ward in 1881-3, T. 
W. Stanton in 1894, and at various times from 1884 to 1896 
by the writer, have shown that the lignite or coal seams of 
this region are of very different age, the oldest being Lower 
Cretaceous (Kootanie). A higher horizon. Belly River beds, 
oQcurs in the middle part of the Upper Cretaceous series, and 
other commercially available coal beds are found in the Fox 
Hills, in what is now discriminated as true Laramie, and in 
the upper series which the author has for some years tenta- 
tively designated as Fort Union beds. It is therefore evident 
that the Lignitic group of Hayden comprises strata of very 
different age and relations, and that the application of the 
term Laramie as its equivalent has misled some investigators 
into a fundamental error that has vitiated conclusions reached 
in the discussion of the relationships of the Laramie, based 
wholly or in part upon the facts gathered in the upper Mis- 
souri region. 

Lichiffston /orwaUou. — In pursuance of the geological work 
of the U. S. Geological Survey in Montana, in has been the 
duty of the writer to map the areal geol()g3' of some 10,000 
square miles along the eastern border of the Rocky mountains, 
and to make a reconnaissance of other parts of the state. In 
the course of this work it soon became apparent that the use 
of the term Laramie group would have to he restricted to des- 
ignate the series of brackish and fresh-water beds, usually 
cf»al-bearing, which terminated the Cretaceous. This distinc- 
tion, which accords with the original definition and usage of 
the word, was necessary because it was found that, while per- 
fect conformity apparently existed throughout the strati- 

♦Proc. Acad. Nat. Sci. Phila.. vol. xviii, p. 433, Dec. 186L 
tU. S. Geol. Explor. 40th Parallel, vol. i, p. a'U. 
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graphic series exposed in eastern Montana, from the Dakota 
upward, yet along the Rocky mountain front the coal-bearing 
Laramie beds are succeeded by a great series of beds that are 
of peculiar lithological character and possess a distinct flora 
nearly identical with that of the post-Laramie Denver beds of 
Colorado, and show in several places marked unconformity 
with the Laramie, both stratigraphically and in the composi- 
tion of the conglomerates found in the series. This series of 
beds the writer designated as the Livingston formation,* and 
the conclusions as to its age and relation to the Laramie have 
been confirmed by conclusive evidence gathered by Dr. A. C. 
Peale, in the vicinity of the Gallatin valley.f 

To clearly understand the importance of the Livingston and 
of its occurrence between the Laramie and Fort Union forma- 
tions, the evidence may be summarized as follows: The Liv- 
ingston formation is post- Laramie. It is formed chiefly of 
assorted and water-worn volcanic material, rests unconform- 
ably upon Laramie and all the earlier Cretaceous terranes of 
the region, and includes conglomerates, recording* a pro- 
longed period of post- Laramie uplift and erosion; it is char- 
terized by a flora of post- Laramie type and by a purely fresh- 
water fauna. 

Fort Union Formation, The plant and invertebrate re- 
mains characteristic of the strata at the type locality consti- 
tute a peculiar flora and fauna. The characteristic species of 
this locality have been recognized in the beds overlying the 
Livingston formation near the C-razy mountains; and as this 
is the only region known where the Cretaceous, including the 
Laramie formation, is succeeded by both the Livingston and 
Fort Union formations^ its occurrence here will be described 
somewhat fully. 

In the region north of the Yellowstone river, less than 100 
miles north of the National Park, the imposing group of peaks 
known as the Crazy mountains is the most conspicuous fea- 
ture of the landscape. These mountains are formed of Living- 
ston beds, conformably overlain by a series of sandstones and 
clay-shales, characterized by fresh- water fauna, and lithologi- 

*Bun. 105, U. S. G. S. 

tThree Forks, Montanii, Geological folio of the U. S. Geolojjiiral Sur- 
vey. 
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cally distinct and readily differentiated from the somber 
colored sandstones of volcanic material composing the Living- 
ston beds. The plant remains from these beds are not of 
Laramie nor of Denver bed types, but are species chaTaeter- 
istic of the strata in the vicinity of Fort Union, and that 
name is therefore adopted for the formation. As will be 
shown later, the formation is one of widespread extent in the 
plains country of Montana, and it extends northward into 
Canadian territory. 

The Fort Union formation as developed in the Grazy moun- 
tains consists of a series of alternating sandstones and gray 
clay-shales, the latter holding limestone concretions often 
many feet in diameter at various horizons. The sandstones 
are usually light gray in color, loose-textured, and frequently 
crumbly, cross-bedded, and often hold round cannon-ball con- 
cretions which are merely indurated sandstones. The grains 
are generally water-worn and rounded fragments of quartz, 
more rarely of feldspar, and are of gneissic origin. The 
character of the quartz and the abundance and nature of the 
feldspar fragments differ markedly from those normal to the 
underlying Livingston beds. The clay-shales are sometimes 
calcareous, generally gray in color, weathering into tine, cubi- 
cal debris. The limestones are dense and flint-like, breaking 
with conchoidal or splintery fracture. They are gray but 
weather with light earthy brown surface, and are sometimes 
fossiliferous. Lignites occur rarely, are impure, friable, and 
of little economic value, differing every way from the coals of 
the Laramie. 

A continuous section measured at the base of the mountains, 
embracing marine Cretaceous (Montana group), Laramie, 
Livingston, and Fort Union beds, is given below: 

Section of Strata forming Eastern Foottfiopes of the Crazy MountaiuHy 

on Lelx) Creek, Montana. 
Feet. 

885 SaDdstoncR ; light colored, generally brownish or buff, of vary- 
ing eourseness, texture, and hardness ; in thick and thin beds, 
sometimes cro8B-l)edd(Hl and often fissile. 

755 Alternating series of sandstones and shale: the latter gray, 
argillaceous, not laminated, weathering in smooth slopes 
with fine cubical debris and frequently holding large and 
small limestone balls and ovoids. These consist of dense and 
hard, flinty gray limestone, generally checked and cracked. 
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ofteD with calcite seams, and the masses weather with an 
umber brown surface. 

1 Limestone ; carrying shejl remains. 

700 Series of alternating light colored sandstones and gray shale, 
like that above. 
5 Shales ; carrying fresh- water fossils. 
,714- Series of alternatiog sandstones and shales, similar to those 
noted above. 
5 Lignite seam ; several other impure seams occur in 100 feet of 

beds above. 
27 Shales and sandstones. 
i Sandstone ; containing fresh-water fossils. 
10 Gray shales. 

2 Lignite seam. 

635 Series of beds of sandstones alternating with gray argillaceous 

shales of varying nature. 
5 Limestone ; containing fossils. 
900 Sandstones of varying texture, carrying occasional beds of 

limestone. 



7136 Livingston formation ; dark colored conglomerates, grits, sand- 
stones and tuffs, with interbedded tufaceous shales, all com- 
posed largely of volcanic debris. 

1060 Laramie formation ; sandstones, buff and gray, with interbed- 
ded shale. 

500 Fort Pierre shales, and Fox Hills sandstone. 

The importance of this section, which is the only one known 
to the writer in which the Fox Hills. Laramie, Livingston and 
Fort Union formations occur superimposed, is apparent when 
it is considered that in eastern Montana and Canada the Fort 
Union rests directly upon Laramie beds in apparently perfect 
conformity. 

The invertebrate remains from the beds noted in the section 
just given are all fresh- water forms. They have been deter- 
mined for me by T. W. Stanton, who reports the following 
species : 



Viviparus trochiformis M. & H. 

V. retusufl ? 

V. leai ? 

Bulinus longiusculus ? M. & H.. 

B. subelungata M. & H. 

Campeloma multilineata M. & H. 



Valvata subumbiiicata M. & H. 

Groniobasis tc^nuicarinata M. <& H. 

Unio priscus ? M. & H. 

U. eouesii. 

U. dana? ? M. & H. 

U. primapvus. 



Of this fauna, Mr. Stanton says: 



*M88. Official Report to Director of U. S.G.S., upon request »»f writer. 
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"Almost all the Bpecies in the list were originally obtained 
near Fort Union on the Missouri river. Viviparus trochi- 
formis came from 10 miles below Fort Union. It has also been 
found at the base of the Wasatch Eocene at several localities 
in central Utah. Gontobattis tenincarinata has the same dis- 
tribution and also occurs in the Laramie on Crow creek, 
northern Colorado. The types of ('ampeloma multilineata 
came from Fort Union beds at Fort Clark, Dakota. It has 
been found on Heart river, Dakota, and in the Laramie of 
(Jrow creek, Colorado. The original locality of Unio prima'' 
VU9 is south of (/ow island, upper Missouri river, Montana. 
Unio dano* was described from the Judith River beds at the 
mouth of the Judith river. Two of the species pass up into 
the Tertiary." 

Vertebrate remains have not been found in the Fort Union 
beds of the Crazy mountains, only a single rolled and water- 
worn fragment having been seen. This fragment of bone was 
turned over to Mr. F. A. Lucas and by him shown to Prof. E. 
D. Cope. Mr. Lucas reports as follows : "Professor Cope says 
the sandstone is Laramie and the bone is part of the humer- 
us of a dinosaur." 

The plant remains of these beds are abundant in certain 
localities, though but small collections have been made from 
three places, viz., (1) north slopes of Fairview peak, the most 
southern summit of the mountains; (2) from the foothills on 
Sweet Grass creek; (3) from the foot slopes near Big Timber 
creek. J'hese collections have been examined by Prof. F. H. 
Knowlton, who reports that the species are in general of Fort 
Union types, that is, belong to, or most closely resemble, the 
flora of the beds at the mouth of the Yellowstone. 

Of the specimens from Big Timber creek he says : * ** A 
small collection of fossil plants obtained at the foot of the 
Crazy mountains on Big Timber creek. Park county, Mon- 
tana. The collection numbers nine specimens which I have 
been able to identify as follows: A single specimen each of 
Sequoid langsdorfii Ileer and Populun ijenatrix Newberry, and 
four specimens of Uhnus apeciosa? Newberry, with fragments 

of a Flatanus (possibly P. f}obilis),H Phragmites^ and Ulmna 
sp. , 

♦Bull. ia>, U. S. G. S., p. G3. 
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Sequoia langsdorfli has been abundantly found in,but is not 
confined to, the Fort Union group, while Populu^ yenatrix and 
Ulmus spec ioaa Are typical Fort Union plants. While it is 
manifestly unsafe to place much dependence in such meager 
data all the species identifiable belong to or are found in the 
Fort Union group." 

"I have examined the plants from Sweet Grass creek, and 
am unable to identify a single species with entire satisfaction 
as belonging to the Fort Union flora. Four or five species 
appear to be represented as follows: Numerous specimens of 
a conifer that is probably Sequoia lanysdorfii^ but the branch- 
lets are smaller than is usual, with spines, and the leaves are 
much shorter. There are about a dozen specimens of a fern 
that was at first supposed to be Onociea sennihilitt fossilis^ but 
more careful study seems to prove that it cannot be this. It 
is undoubtedly quite close to this species, but differs in de- 
tails of vernation. It will have to be described as a new 
species. Associated with this fern are two examples of what 
may be the fertile branches; but in absence of proof connect- 
ing them, it will probably be best to describe them as new 

also. 

"There is also a very fine dicotyledonous leaf that must have 

been seven or eight inches in length and between four and 
five inches in width. It is broadly ovate in outline, with a 
broad heart-shaped base, and has ^ve palmately arranged 
verns, all springing from the petiole. I am uncertain as to its 
affinities. A number of other dicotyledons are too fragmen- 
tary to admit of even generic determinations. 

**In a general way these resemble Fort Union plants, but 
none of them belong without question to this flora." 

The strata to which the name of Fort Union was first given 
form the bluffs of the Missouri river in the vicinity of the 
mouth of the Yellowstone. The beds include two horizons, 
lithologically distinct. The locality was visited by the writer 
in company with Prof. C. D. Walcott in August, 1895. The 
bluffs north of the Missouri river near Willow station were 
carefully noted. The lower part consists of light colored 
gray sands with rusty lenses and concretions, forming caps 
that cause picturesque pillars and exposures. There are prob- 
ably 50 to 75 feet of this sandy series exposed, which is 
capi)ed by the clay series und lignites. 



The Fort Union Formation, — Weed. tO% 

Seen from below, the exposure shows three prominent seams 
of lignite, whose dark lines are everywhere noticeable in the 
adjacent bluff exposures. Examined in detail, the series in- 
cludes at least five other seams which are from 1 to 2 feet in 
thickness, but which are covered in the exposure by the wash 
of the silty, intervening beds. The section was made about a 
mile west of Willow station. 

Section of the north bluff of the Missouri river ^ near the mouth of the 

Yellowstone, 
Feet: 
T) Sandy, buflf colored beds alternating with gray beds, 3 to 5 feet 

in thickness. The general appearance of the upper part of the 
bluff is that of a smooth, clay slope, as the silty wash from 
above partially obscures the outcrops of the strata. 
7 Gray and ash-colored clays carrying fresh-water phclls, the out- 
crop showing a cracked and muddy surface. 

1 * Lignite (?) seam. 

^ Limestone; yellowiRh in color and breaking into small, angular 
bits, the largest %*^ in diameter. The horizon is inconstant, 
the limestone really forming a lens. 

4 Arenaceous clays, buff in color and forming the summit of a 
prominent bench that circles the bluff. 

1^-^ Gray shale, carrying shell remains. 

2 Lignite seam, impure and weathering to a fine Carboniferous 

clay. 

4 Gray shale. 

5 Lignite seam, overlain by flaky, laminated shale, carrying shell 

remains. 
15 Argillaceous, ashy gray shales, weathering into a silty wash. 
Light colored bed, whose outcrop is covered with an alkaline ef- 
florescence and with the brittle, ahreddy fragments of limestone 
from the weathering of a concretion of this material, whose 
surface is of a rich terra cotta color. The base of this zone 
forms a platform terrace that is C feet wide. 
ir> Sandy beds, soft, reddish buff in color, resembling a silt in ap- 
pearance and weathering with a pitted surface. 
25 L<x)sely cemente<l sands with concretions, illustrated in the pho- 
tographs (C. D. W., 1895). These ccmcretions have all shapes 
and sizes, up to 6 feet in diameter. The bed forms a marked 
sandy layer, but is not hard enough to weather as a ledge. 
The fossil plants collected from the Williston locality show 
only one species, Otiocica nensibilis Linn., fottsiiis Newb. The 
shells obtained from the section just given are of fresh-water 
species and are of forms common to the Laramie and Fort 
Union beds. They have been identified by Mr. Stanton as 
Viviparus frorhi/orwts M. & H., K. feai M. & H., and frag- 
ments of (fnio sp. 



\ 
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Tiie collections of fossil plant remains in the possescrion of 
the National Museum from the neighborhood of the original 
Fort Union locality are very full. They have been studied by 
professor Knowlton, who reports that the Fort Union Hora 
embraces 169 species. Of this number 130 species are con- 
fined to this f(>rraation. Of the 39 species found in other ter- 
ranes, 21 occur in the Miocene, 14 in the Denver (post-Lara- 
mie), and 9 in the Laramie. These figures tell their own story. 
Professor Knowlton states that the flora as a whole is clearly 
Eocene. This confirms the statements of Newberry,* that the 
floras of the Laramie and the Fort Union are totally distinct, 
and that these formations should be referred to different geo- 
logical horizons, the Fort Union to the Tertiary, and the Lar- 
amie to the Cretaceous. 

The clearest description of the Fort Union formation, as 
developed in the Great Plains region north of the International 
boundary, is given by Tyrrell, f in which the series is described 
under the name of the Paskapoo beds and grouped with the 
underlying series under the term Laramie. He states that 
what he calls Laraniie consists of two formations, distinct 
lithologically and paleontologically. The lower, or Laramie 
proper, he calls the Edmonton series. It rests in perfect con- 
formity upon the shales of the Pierre (Montana) group, and 
is covered westward by a higher series which he calls the Pas- 
kapoo series. The latter corresponds in every detail to our 
Fort Union. It is of purely fresh-water origin and is quit** 
distinct, lithologically, from the white sands and white sandy 
clays of the Laramie. Contrasted, the Edmonton contains 
abundant vertebrate remains, mainly dinosaurs; the Fort 
Union (Paskapoo), none. The flora of one is Laraniie; the 
species of the other are not Laramie types, but are identical 
with those from the Fort Union of Montana. The fossil flora 
of these Fort Union beds of Canada has been studied by Sir 
J. William Dawson, who identified 29 species, all of which, 
nccording to professor Knowlton, belong to the Fort Union 
Eo(»ene flora. 



*S<M» Ward, Syn. of Flora of Liiramie Group. Newberry. Bull. G. 
8. A., vol. I, p. 524. 
tAnn. Rep. Can. Geol. Survey, 188G, p. 136 E. 
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The following table shows the comparative sections found 
along the Rocky Mountain front: 



AGE. 


MONTANA. 


CANADA. 


COLORADO. 


Koceno. 

Past-LaramiG. 
('retaceons. 


Fort Union. 

Livinj^ton. 

Unconformity. 
Laramie. 


PankaiXK,. S Po«°Pin<^ »"»«• 

S.'^^W' '/ Willow cr^k. 
(EruEiion interval.) 

Edmonton (Tyrrell i. 
(Wapiti river, Dawson.) 


i b. Denver beds. 

) a. Arai>ahoe beds. 

Unconformity. 

Laramie. 



VOLCANIC ASH FROM THE NORTH SHORE OF 

LAKE SUPERIOR.* 

By N. IL WiNCUELL and U. 8. Grant. 

It is a peculiar feature of that vast series of surface igneous 
rocks, belonging to the copper- bearing series on each side of 
the western half of lake Superior, that deposits of volcanic 
ash are not coniraon. In fact, Irving stated that he consid- 
ered such materials as entirely lacking.f Selwyn saw rocks 
on Michipicoten island which he referred to as tulf'sj and 
this seems to be the only direct reference, made in late years, 
of rocks of this age to volcanic tuffs. In the examination of 
a series of rocks belonging to the Geological and Natural- 
History Survey of Minnesota, from the north shore of lake 
Superi<»r, several have been found which possess the character- 
istics of fragmental volcanic deposits. The best examples 
of these are Nos. 8A, 17, 24 and 01 of the Minnesota Survey 
collection, § but there are also others which are of the same 
nature but do not show their origin so clearly. The rocks here 
mentioned are from Duluth, or the immediate vicinity, and be- 
long in the series which is usually termed Keweenaw*an. Some 
of them are probably from the gray sandstone at Duluth 
which Irving said it was barely possible contained volcanic 
ash material. II 

In general these rocks macroscopically resemble finegrained, 
impure sandstones, and they vary in color from reddish brown 

♦Presented before Section E of the American Asscx^iation for the Ad- 
vancement of Science, August 25, 1896. 

tR. D. Irving: U. S. Geol. Survey, Mon.T), p. .32, 1883. 

lA. R. C. Selwyn, Science, vol. 1, pp. 11, 221, 18a3. 

§For description of the field relations and localities of these rock 
samples see Geol. and Nat. Hist. Survey of Minn., 9th Ann. Rept., pp. 
12, 14, 20, 1881. 

iR. D. Irving: Op. cit., p. i:«. 
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to ashen gray. They separate rather easily into parallel 
layers which have the usual dip of the surrounding rocks, 
into the lake(i. e., south southeast) at a low angle, although 
occasionally this angle increases to 40 degrees or even more 
and there are also local deviations in the direction of the 
dip. In the vicinity toward the west occur gabbro and red 
granites, while the surface rocks with which these tufaceous 
rocks are immediately associated are diabases, diabase por- 
phyry tes and basalts which are frequently amygdaloidal, and 
aporhyolytes ; and they are sometimes cut by diabase dikes. 
As a rule, these tuffs are quite fine grained, the different par- 
ticles being usually less than an eighth of an inch in diameter. 
and their origin is not clear except when studied in sections. 
Accordingly the salient features of some of these sections are 
here given. 

No. 17 is composed of small fragments surrounded by a 
matrix of very fine grain consisting of quartz, feldspar, 
chlorite, epidote, caleite and iron ore. all of which are 
secondary grains and not original fragments. The fragments, 
which are the peculiar feature of the section, are of ail 
shapes, from roughly rounded and oblong forms to thosc^ 
which are jagged and very irregular in outline. They are 
usually surrounded by a rim of minute iron ore granules 
which render the outline of the fragments very distinct. 
Many of the fragments are vesicular, having one or more 
rounded vesicles whose sides are also surrounded by granules 
of iron ore. The interior of the fragments is a confused 
mass of small grains and flakes, which are principally chlorite, 
with epidote, quartz and iron ore. It seems impossible to 
reach any conclusion other than that these fragments are 
pieces of vesicular volcanic material, probably originally 
glassy but now devitrified. 

No. 61 is composed mostly of small, closely crowded grains 
which are largely rounded or subangular. These grains are 
chiefly of three kinds: (1) greenish grains, (2) feldspar, 
and (3) quartz, the last not being as common as the other 
two. The greenish grains are usually composed of minute 
flakes of chlorite and a micaceous mineral, probably sericite. 
with some quartz. Other grains are composed of an aggre- 
gate of minute grains of quartz and feldspar, the former 
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Bometimes embracing the latter poikiliticallj, much resembling 
the devitrified groundmass of ancient acid lavas frbm this 
locality. The feldspar grains are altered and much filled with 
calcite and sericite, and these two minerals, together with 
secondary quartz and chlorite, are in the interstices between 
the grains. But the most striking feature of the rock is the 
presence of a number of larger roughly angular grains which 
are similar to some of the smaller rounded ones and which 
appear to be composed of the products of devitrification; and 
what is still more confirmatory of this idea is that some of 
these grains still show very clearly the remains of a perlitic 
parting common to glassy rocks. This perlitic parting hag 
been found in great perfection in some of the devitrified acid 
lavas of the north shore of lake Superior and is similar to 
that described from the aporhyolytes of South Mountain in 
Maryland and Virginia.* 

The two rock samples just mentioned are perhaps the most 
characteristic of a number of similar rocks from the north 
shore of lake Superior but mostly from the vicinity of I)u- 
luth. There seems to be no other interpretation of their 
characters possible than to refer these rocks to volcanic ash 
deposits. While remains of fragmental volcanic material are 
not known to be abundant, still such deposits do occur in 
rocks which are usually considered as Keweenawan in age. 
No craters have been located, but it seems quite probable that 
future careful investigations may enable us to locate exactly 
some of the vents where explosive volcanic action occurred. 



BUFFALO MEETINGS OF THE GEOLOGICAL SOCI- 
ETY AND THE AMERICAN ASSOCIATION. 

By Wabben Upham, St. Paul, Minn. 

The forty-fifth meeting of the American Association for the 
Advancement of Science was held in Buffalo, N. Y., under the 
presidency of Prof. Edward D. Cope, August 22-29, 1896, this 
being the fourth meeting of the Association in Buffalo, with 
intervals of ten years. The enrolled attendance was 330, 
from a total membership (including fellows) of about two 
thousand. At this meeting 110 new members were elected ; 



*G. H. Williams: Amer. Jour. Sci., 3, vol. 44, p. 486; Dec, 1892. 
F. Bascom: Jour, of Geol., vol. 1, p. 821; Nov. -Dec, 1893. 
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and 83 members were elected as fellows, making the present 
number of fellows about 875. 

For the next meeting, to be held at Detroit, Mich., in Au- 
gust, 1897, Prof. Wolcott Gibbs, of Newport, R. 1., is elected 
president: and for Section E (Geology and Geography), Prof. 
I. C. White, of Morgantown, W. Va., vice president, and Prof. 
C. H- Smyth, Jr., of Clinton, X. Y., secretary. This meeting 
will be held immediately previous to that of the British As- 
sociation, which next year is to meet in Toronto, Ontario. 

The affiliated societies meeting also in ButFalo, in conjunc- 
tion with the American Association, were the Geological So- 
ciety of America. August 22, under the presidency of Prof. 
Joseph Le(/onte: the American Mathematical Society; the 
American Chemical Society : the Society for the Promotion 
of Agricultural Science; the Association of Economic Ento- 
mologists; the Botanical Society of America; the Botanical 
Club of the Association ; and the Societv for the Promotion 
of Engineering Education. 

The Geolouical Society of America. 

According to a vote previously taken by the Council of the 
Geological Society, the papers presented before it at this 
eighth summer meeting were read only by title, and their full 
reading was deferred to the Thursday sessions of Section E 
of the Association. Six new fellows were elected, namely, 
Jose (Tuadalupe Aguilera, of Mexico; Philip Argall, of Den- 
ver, Colo. ; Ezequiel Ordonez, of Mexico ; Thos. W. Vaughan, 
of Washington, D. C; Henry S. Washington, of Locust, N. 
J.; and George H. Ashley, of San Bernardino, California. 

It was voted to hold the next winter meeting of this Society 
in Washington, D. C, on Tuesday to Thursday, Dei-. 29-31. 

Geological Excursions. 

Several excursions, for specialists in ditferent branches of 
geology, were made before the meetings. One, extending over 
several days, under the guidance of Prof. C. S. Prosser, had 
for its object the examination of the stratigraphy and pale- 
ontology of the rock formations of western New York in the 
neighborhood of Syracuse, Rochester, Mt. Morris. Portage 
FnllSy and westerly to Buffalo. Another excursion, for obser- 
vmtions m petrography, spent a week in the Lake Champlain 
TftUey and hi the Adirondack mountains, under guidance of 
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Profp. J. F. Kemp, C. H. Smyth, Jr., and H. P. Gushing. A 
third excursion, devoted to economic geology, was led by Dr. 
F. J. H. Merrill, examining the salt and cement works, gyp- 
sum mines, and stone quarries, in the region of Syracuse and 
westward. Lastly, an excursion for the field study of the 
moraines, former glacial lakes, and their shore lines and out- 
lets in western New York, was under the direction of Prof. 
H.L. Fairchild. 

The addresses of the vice presidents of sections were given 
on Monday, August 24; and the four following days were al- 
lotted to the reading of papers in the several sections. On 
Thursday afternoon a considerable number of the geologists 
visited the very interesting section of the Hamilton beds on 
Eighteen Mile creek. Finally, on Saturday nearly four hun- 
dred members and friends of the Association visited the Ni- 
agara falls and gorge. They went north along the Canadian 
side by the electric railway near the edge of the precipice 
overlooking the gorge, crossed the river at Lewiston, and re- 
turned by the new railway along the bottom of the gorge on 
the New York side. The electric power for these railways, 
besides much more used in Buffalo, is supplied by the diver- 
sion of a small part of the river above the falls. A geological 
party further devoted the early part of the following week to 
field observations of the Niagara gorge, the Whirlpool, and 
the course of the drift-filled preglacial valley from the Whirl- 
pool northwesterly to St. David's, the depth of which it is 
proposed to test by borings. 

Honor to Prof. James Hall. 

In Section E. of which Prof. Ben. K. Emerson was vice 
president, and Prof. William North Rice was secretary (in the 
absence of Prof. A. C. Gill, the secretary elect, in Greenland), 
Wednesday afternoon was given to a very impressive series of 
addresses commemorative of Prof. James Hall's completion of 
sixty years of service in the Geological Survey of New York* 
Such an unprecedented record as his is certainly entitled to 
the cordial and most graceful recognition which, upon this 
occasion, it received. The usual audience attending the ses- 
sions of Section E was largely supplemented by prominent 
members from other sections, as well as by eminent citizens of 
the city of Buffalo. 
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Professor Hall, who had traveled from Sah Francisco to be 
present at this meeting, was addressed by vice president Em- 
erson, on behalf of the Association, and by Prof. Joseph Le 
Gonte for the Geological Society. Nothing could have been 
more graceful than the earnest and well chosen expressions 
of these men, briefly portraying the vast obligations of the 
present generation of geologists to the labors of the venerable 
scientist. In reply to these addresses, Prof. Hall gave a hasty 
sketch, not so much of his attainments in science as of the 
beginnings of his work, its difficulties, embarrassments, and 
triumphs. 

Of particular importance was his reference to the origin of 
the Association of American Geologists, the parent body of 
the American Association. 'I'he four geologists of the New 
York survey, feeling the importance of testing their results 
by comparison with those obtained in other states, resolved, 
in the autumn of 1889, to enter into correspondence with oth- 
er working geologists for the purpose of organizing a geologi- 
cal association with this for its chief aim. Initiatory action 
was taken in the home of Dr. Ebenezer Fimmons in Albany, 
and its outcome was the calling of a meeting at Philadelphia, 
which took place in April, 1840, whence came the Association 
of American Geologists. In 1842, at the Boston meeting of 
that Association, the naturalists asked to be admitted to the 
society, and in conceding to this proposition the name of the 
body was changed to ''Association of American Geologist* 
and Naturalists." At a later date the chemists and physicists 
also begged admission, and the name of the society was 
changed to its present form. 

After the remarks by Prof. Hall, a forcible and eloquent 
address was delivered by Dr. W J McGee, entitled ''James 
Hall, Founder of American Stratigraphic Geology/' and a 
pa])er on Prof. HalPs early work in the Geological Survey of 
the Fourth District of New York, especially noting its influ- 
ences upon geological science, was read by Dr. John M. C'larke, 
assistant state geologist. Other speakers further referred to 
Prof. Hair.8 labors from various view points: Dr. J. F. Whit- 
eaves, for the Canadian Geological Survey; Hon. T. Guilford 
Smith, for the State of New York and the Regents of the 
Univerrity; Prof. William H. Niles, for the Boston Society 
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of Natural History; Prof. J. J. Stevenson, of New York City, 
1^ a strain reminiscent of the great personal sacrifices made 
by Prof. Hall to insure the continuance of his investigations, 
and of the important personal influence exerted by him in the 
training of geological workers; and Prof. E. O. Hovey, recall- 
ing his own early experiences with the now venerable man. 
These proceedings, which were exceedingly gratifying to all 
present, were closed by very happy words from the vice pres- 
ident. 

Prof. Emerson^s Address. 

The address of the vice president in Section E, entitled 
*^Geological Myths," traced the origin and history of several 
myths which arose from geological events and conditions, in- 
cluding the Chimjera, which had reference primarily to a 
burning gas spring; Niobe, whose legend was suggested by 
the drip of waters from the limestone roof above an ancient 
colossal bust carved in the living rock on the side of a valley 
near the present city of Smyrna; Lot's wife, referring to 
columnar cliffs, spared in the subaerial erosion of the 
wall of salt and gypsum-bearing marls of Kashum Usdum, 
adjoining the southwestern shore of the south part of the 
Dead sea; and the traditions of a universal flood, the origin 
of which was thought by the speaker, following Suess, to be 
explainable by the coincidence of a great storm and an earth- 
quake wave at the mouth of the Euphrates. This address is 
published in full in Science for September 11, 1896 (new 
series, vol. iv, pp. 828-844). 

Lectures by Profs. Spencer and Cope. 

Two public lectures, complimentary to the citizens of Buf- 
falo, were given on Wednesday and Thursday evenings, each 
being accompanied with lantern illustrations. The first was 
by Prof. J. W. Spencer, entitled " Niagara as a Time Piece.'' 
His explanations of the high shore lines around the great 
Laurentian lakes as of marine formation, and his computations 
of the duration cf Niagara falls, belonging to the Postglacial 
period, as 82,000 years, presented in this lecture, had appeared 
in the American Geologist for November, 1894 (vol. xiv, pp. 
289-301), and in Appleton's Popular Science Monthly for May 
of the present year. 
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The second lecture, by Prof. E. D. Cope, based on his own 
explorations and those of Mr. H. C. Mercer, was entitled 
"The Results of Cave Explorations in the United States, and 
their Bearing on the Antiquity of Man." A part of the dis- 
coveries thus presented, showing man to have been contempo- 
rary in Tennessee with the Megalonyx, a gigantic fossil sloth^ 
was published by Mr. Mercer in the American Naturalist for 
last July (vol. xxx, pp. 608-611, and a plate), together with 
notes of Prof. Cope's earlier cave researches. 

Titles and Abstracts of Papers in Section E. 
Forty-two papers were presented in Section E (Geology and 
Geography), of which the following are titles, in their order 
on the programs of the sessions. For many of the papers ab- 
stracts are also added, as kindly supplied by the authors, or 
shorter notes from correspondents at the meeting. Among 
these Prof. C. W. Hall of Minneapolis, Minn., Dr. John M. 
Clarke of Albany, N. Y., Prof. E. W. Claypole, of Akron, O., 
and Mr. F. B. Taylor, of Fort Wayne, Ind., press secretary of 
Section E, deserve especial mention and thanks, both for notes 
of papers and for portions of the foregoing pages. In a few 
instances the notes are derived from the report of this section 
by Prof. W. N. Rice in Science for September 18 (pp. 382-388). 
1, Notes on the Artesian Well sunk at Key West, Florida, in 1895, 
Edmund O. Hovey. This well has a depth of 2,000 feet, and samples of 
the borings were taken, under the direction of Prof. Alexander Agassiz, 
at intervals of 25 feet through the whole depth. The author's micro- 
scopical examination shows the entire section to be nearly pure lime- 
rock. It is a typical oOlitc at the surface and at 25 feet below. Beneath 
that depth most of the samples indicate a fine or coarse, more or less 
loosely compacted calcareous sandrock, relieved somewhat by beds or 
masses of dense or porous limestone. Small bits of oolite or loose ovules 
are present in about half of the samples, indicating a shallow origin for 
much of the material. The most solid rock of all passed through came 
from the depths of 50 to 175 feet. 

The most peculiar petrographic feature is the presence in all the sam- 
ples except three of a small amount of quartz. This varies from the 
merest trace up to a very noticeable proportion, and is of two kinds: the 
most abundant is extremely fine-grained, angular or crystallized, and 
perfectly limpid; the other kind consists of scattered grains, well 
rounded by abrasion, and much larger than the first. 

Organic remains which preserve sufficient character for reference even 
to their class are not numerous, except in a few of the samples. For 
the most part minute forms are indicated by the fragments. Taken aa 
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a whole, there are more bits of lamellibranch shells and casts of the in- 
terior than anything else in the referable fragments; next to these in 
point of numbers come the tests of foraminifers; then follow echino- 
derms, corals, bryozoans, and gastropods. Although the foraminiferal 
genus Orbitoides does not seem to be represented in the samples from 
depths above 900 feet, there seems to be no particular change in the 
rock, in ascending order, until a marked transition appears between the 
samples from 700 and 675 feet. 

In view of these facts the author is inclined to place the approximate 
upper limit of the Vicksburg beds of the Eocene in this well at 700 feet 
below the surface. The lower limit of the Vicksburg may not have been 
reached. Orbitoides seems to be the predominating foraminifer down 
to 1,450 feet. Between that depth and the next below there is a decided 
change in color, and, while Ch'bitoides does not entirely disappear at 
once, two conical forms referred to Textularia become much more nu- 
merous. Below 1,875 feet Orbitoides seems to be absent. 

Above 700 feet the material was so comminuted, probably by the 
drill, that it seems impracticable to difiFerentiate the Miocene and Plio- 
cene. The massive limestone at 50 feet may. however, mark the ap- 
proximate upper limit of the Pliocene. 

This paper was discussed by Profs. LeConte, Hitchcock, Stevenson, 
and Rice. 

'^. The Hydraulic Qnidient of the Main Artesian Basin of the North- 
west. J. £. Todd. After giving a brief statement of the extent and 
Attitude of the Dakota sandstone formation and the general distribution 
of the wells deriving their waters from it, attention was directed espe- 
cially to the remarkable fact that, when reliable readings of closed 
pressure are compared, there appears to be a quite regular decline in the 
pressure hight from west to east, which may be compared to the hy- 
draulic gradient of a stream. The most complete series yet obtained is 
from Sheridan, in Wyoming, to Marshall, in Minnesota, as shown by 
the following table. 

Miles from tho east liuo Pressure hisht in feet 

IiOCALiTT. of South Dakota. above the sea. 

Sheridan, Wyo 515 West . About 3,700 

Belle Fourche, S. Dak m) »* 3,030 

Pierre, S. Dak 192 '» 1,854* 

Highmore. S. D 150 *' 1,928 

Miller, S. D 127 »• 1,817 

Huron, S. D 91 *' 1,670 

Iroquois, S. D 71 •* 1,638 

Marshall, Minn 33 East. 1,360 

The descent of the gradient eastward averages somewhat more than 
four feet per mile. Between Kimball and Mitchell, S. Dak., on the lat- 
itude of Chamberlain, it is ten foot per mile. 

♦The pressure hights at Pierre, Harold, and some other localities, are 
too low, probably because of subterranean leakage or derivation from 
different strata. 
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Frtim north to south the ^adiont is almost horizontal between Orient 
and Armour, S. Dak., about 1,875 feet; but in the James river valley, 
althoupfh it is nearly constant from Ellendale to Huron, about 1,700 
feet, it drops farther south to 1,330 feet at Mitchell, and rises again to 
over 1,500 feet at Tripp. 

The explanation considered most satisfactory is that given by Uphani 
in the Amektcan Ge()L(k;imt for October, 1890 (vol. vi, pp. 211-221), re- 
ferring the eastward and southward decline in pressure to leakage 
from the Dakota sandstone along its eastern edge in Nebraska, Iowa, 
and Minnesota. It wjis suggested that actual irregularities of the prej<- 
sure gradient may result from a complex arrangement of the water- 
bearing stratum, from ine()ualities in the leakage on the southeast and 
east, and from variations in the fineness or porosity of this sandstone. 
In conclusion, more careful measurements of the closed pressure of the 
artesian wells of the Northwest were recommended. 

.!/. T/n' frne Tuff beils of the Triaa^aini the mud euclosurea^ the under- 
i*(}lliu(j^ ttud the ttftsie ititvhstune of the Triassic Traps. B. K. Emer- 
son. This paper gave many interesting n«)tes of field observatitms of 
the Triassic belt in the lower jiart of the (Nmnecticut river valley. It 
was discussed by Dr. M. R. Waoswokth, who found striking resem- 
blances to what he had obsprv(»d in the cop|M*r bearing region of lake 
Sui)erior. Prof. Rice n*iM)rts it as follows: '*In some localities the bro- 
ken surface of the extrusivr trap sheets, with the calcareous or arena- 
ceous dejKisits mingled with the trap, has been rolled under in the on- 
ward rtow of the trap, s<j that the same j)henoniena appear both at the 
to]) and bottom of the trap sheet. In certain localities the wet mud of 
the estuary bottom, over which the trap sheet flowed, has risen up into 
the trap, presenting an apjK'arance very similar to that of true tutf beds. 
In these cases |>ortious of the mud have been metamorphosed into a 
quartzite, and iK)rtions of the molten material of the trap, chilled by 
the ascending (nirrents of mud and water, have solidified into a pitch- 
stone or tachylite." The sections and quarries most notably showing 
these c(»nditions are in (ireenrteld and Holyoke, Mass., and in Meriden, 
Conn. 

/. Volcauir Ash from the \orth .Sht)re t>f lAtke Superior. N. H. 
WiNC'HELLand U. S. (jkant. Published in the preceding pages. 

>. The '\\ufjeu Guriss,*^ Piujuiatite Vehis^aud I)u)rite Dikes at Brad- 
ford, Westchester couufy, A\ Y. Lea McI. Iaquer and Heinkich 
Rihis. To be published in the American (iEi)LO(jisT. 

ft. The Tyriutjhinu \Mass.) ^* Mortise /^r)r'A','' and pseudoniorphs of 
(Quartz after Albite. B. K. Emer-^son. Si^cimens were exhibited, in 
which the quartz has minute cavities due to crystals of siilite dissolved 
out. Pseudomorphic quartz fills delicate casts of albite and cleavelaud- 
ite, showing stria; and luster. 

7. The Sueceitiiion of the Fonnil Faunas in. the Hamilton group at 
Eighteen Mile creeks N. F. Amadkua W. Gbabait. The sections ex- 
hibiting the HamiltoD beds; underiying the Genesee and Portage series, 
at Eighteen Mile creek (tributaiy to lake Erie about eighteen miles 
Houthweet of BttMfeliiMHllHlML^k'^'^waen the L. S. &, M. S. railway 



■"-.V •!■. 



Meeting of the American Association, — Upham, 221 

bridge and the mouth of the creek. There are eight sectione, averaging 
70 feet in hight and ranging from 200 to 2,000 feet in length. The fol- 
lowing ButxliviBions are recognized: 

*'Mo8cow'' shales 17 feet. 

Encrinal limestone IV2 ^®^t. 

Lower shales 40+ feet exposed. 

The **Conodont'* bed of Hinde, which that writer placed near the top 
of the Hamilton, is referred to the base of the Genesee. 

The lowest beds exposed are the '^Trildbite beds," in which PhacojJH 
rami and DalnianitcH Ixwfhi occur very abundantly. StropheodonUt 
nacrea is another characteristic species in these beds, which may be 
traced eastward along the lake shore to Hamburg-on-the-Lake, where 
the base of the Hamilton is exposed about seven feet below them. 

Eight feet below the Encrinal limestone is the Athyris spiriferoides 
bed, where this fossil occurs almost to the exclusion of every other. 
One foot Iwlow the Encrinal limestone is the Stropheodonta demissa 
bed, the richest fossiliferous level in this region. Sixty-two species are 
obtained from this bed, which is only about four inches thick. 

The most characteristic fossil of the Lower shales, which may proper- 
ly give its name to their fauna fis a whole, is Spirifer mucvonatus, of 
the ordinary broad -winged variety. 

The Moscow shales (so-called, though they do not correspond to the 
shales at Moscow) contain two distinct faunas, separated by barren beds 
7 or 8 feet thick, near the center of which, however, occurs a thin bed 
with (Mncaloiden media. The fauna of the lower part of the Moscow 
shales is called the Spirifer couHohnnnH fauna; that of the upper part 
is the Spirifer tttllins fauna. 

A comparison of this entire series with the faunal subdivisions of the 
Hamilton of Ontario, as given by Calvin in an early number of the 
American Geolo<4ist (vol. i, pp. 81 86, Feb., 1888), shows an interest- 
ing correspondence. Of the three subdivisions made by him, the lower 
is characterized by the ordinary form of Spirifer vincrotuttus, and in 
its association of fopsils resembles the fauna of the Lower shales at 
Eighteen Mile creek. 

In the Genesee valley the physical conditions, and the consequent 
faunal associations, were very different. The Lower shales, having a 
thickness of 90 feet or more in the Livonia salt shaft, contain few fos- 
sils, and these are mostly unlike those found at Eighteen Mile creek: 
but the Encrinal limestone is practically identical. The greatest differ 
ence is found between the Upper or Mow?ow shales of the two localities. 
These at Livonia are more than .100 feet thick, and the association of 
foBsils recalls that in the Lower shales of the sections at Eighteen Mile 
creek. This points to an eastward migration of that fauna, following 
the changed in physical conditions. 

Under the guidance of Mr. Grabau, a party numbering nearly a hun- 
dred visited Eighteen Mile creek on Thursday afternoon, examining 
each of its eight sections here des(;ribed. 
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8, Development of the Phyniography of California, James Pkrbiic 
Smith. This paper was illustrated by a stereopticon view of a relief 
map. The present contour was ascribed mainly to Tertiary and Qua- 
ternary uplifts and consequent erosion. 

9, Synopsis of California Stratigraphy. James Perrin Smfth. 

10. Ancient and Modern Sharhs, arid the Evolution of the Class. E. 
W. Claypole. The Devonian cladodont sharks, recently discovered in 
northern Ohio by Dr. Clark and described by the author in a series of 
papers in the Am. Geolooist, exhibit great differences from their mod- 
ern representatives ; and this paper presented some suggestions on the 
probable ways in which these differences have been evolved. 

11. Observ^ations on the Dorsal Shields in the Dinichthyids. Charles 
R. Eastman. The object of this paper was to trace the genetic rela- 
tionship between the typical dinichthyid genera of America and the 
European coccosteids. Attention was called to the fact that valuable 
systematic characters are afforded by the configuration of the median 
dorsal plate in the Coccosteida^. In particular it was maintained that 
a large, excavated posterior process is common to dinichthyid but ab- 
sent in coccosteid genera; and, furthermore, that the coc(*osteids may 
be arranged in a definite series according to the progressive modifica- 
tion of the inferior ridge and terminal process of the dorsal shield. This 
series includes the genera Coccosteus, Homosteus and Heterosteus, to- 
gether with certain forms leading up to Dinichthys, the affinities of 
which do not seem to have been properly understood. Among the latter 
may be mentioned the so-called Felevyphorus of Trautschold, Asterolepis 
bohemica of Barrande, Coccosteus sp. {=^D. livoniciis) of Pander, and 
one or two as yet undescribed forms from the Devonian of the Eifel 
district: all of which are shown, by their possession of a characteristic 
terminal process, to belong to the dinichthyid instead of the coccos- 
teid group. 

The series of European dinichthyids, starting with Pander's D. livo- 
nicuSy may be traced from its probable origin in northern Europe south- 
ward and eastward into Bohemia and Russia, westward into central 
Germany and Belgium, and thence across the Atlantic into the United 
States and Canada. At least one species {D. tubercuiatus) is intercon- 
tinental in distribution. Westward the divergence was so great as to 
give rise to no less than fifteen species of Dinichthys, besides a number 
of related genera; and the most remarkable fact concerning them is 
their prodigious increase in size. The function of the posterior process 
was assumed to be in relation with swimming; and with its gradual 
development, increased locomotive facilities were acquired. The known 
predacious habits of Dinichthys afforded it the necessary competition, 
and its better equipment for swimming enabled it to attain the ascend- 
ancy over the original coccosteid stock. Its ultimate supremacy in 
Devonian seas is witnessed by its size, its abundance and distribution, 
and its range of variation. 

Incidentally a slab was exhibited on which was preserved the entire 
ventral armor of a Dinichthys from the Portage shale near Buffalo, dis- 
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covered some time previously by Mr. F. K. Mixer. All the elements 
were retained in their natural position, so that there can be no longer 
any doubt as to the reconstruction of the under surface of this genus. 
The specimen recalls the somewhat similar one of ifoton^ma "exhibited 
by Prof. H. S. Williams at the Indianapolis meeting of the Association 
in 1890, these two being the only instances known where the ventral 
plates of the respective genera are preserved in nitu. 

12. The Discovery of a new Fish Fauna, from tfte Devonian rocks of 
Southwestern New York. F. K. Mixer. The oldest remains of fishes 
from this region were discovered in the Corniferous limestone, and were 
noticed in the Bulletin of the Buffalo Society of Natural Sciences (vol. 
V, p. 84, 1888). These remains consist of the spines and teeth of sela- 
chians, similar to those described by Dr. Newberry from the Devonian 
of Ohio. 

When we come upward to the rocks of Hamilton age, we find that 
nothing in the class of fishes has been heretofore described, so far as 
known to the writer, from this region. The remains now discovered in 
this formation consist of determinable plates of dinichthyid fishes. 

The next horizon, in ascending geological sequence, to reveal fish re- 
mains is that of the Black shales in the Portage series. From these 
shales a plate of a small Dinichthys, and two ganoid fishes, have been 
described. More recently the mandibles of a dinichthyid, besides more 
perfect remains of these ganoids, have been discovered in these shales. 

i3. Interglacial change of course, with gorge erosion, of tfie St, Croix 
river, in Mimiesota and Wisconsin. Warren Upham. (Read by Prof. 
C. W. Hall.) An outline of a lecture at Taylor's Falls, Minn., substan- 
tially the same as this paper, was given in the American Geologist for 
last April (p. 260). TheAftonian interglacial epoch in southern Minne- 
sota, as indicated by the erosion of the St. Croix Dalles, was probably 
longer than the Postglacial period. From the corresponding intergla- 
cial valley of the Mississippi river west of Minneapolis, filled with drift 
but marked by a sc»rie8 of lakes, Prof. N. H. Wincholl. in the Am. Geol- 
ogist (vol. x, pp. 09-80, with map and sections, and p. 302, Aug. and 
Nov., 1892), estimates the time required for its erosion (since named by 
Chamberlin the Aftonian epoch) as about 15,000 years, which seems 
well accordant with the interglacial erosion of the St. Croix valley. 

14. The Preglacial Cuyahoga Gorge in Cleveland, Ohio. Warren 
Upham. (Read by Prof. G. F. Wright.) This paper is based on in- 
formation supplied by Mr. S. J. Pierce of Cleveland, derived chiefly from 
deep well borings which have been made during several years past un- 
der the direction of Mr. F. S. Gilbert, contractor, also of Cleveland, 
showing that the preglacial Cuyahoga valley in its last eight miles, 
passing through Newburg and Cleveland, has a depth of 350 to 470 feet 
below the surface of lake Erie. The deefiest previously published well 
section in drift at Cleveland was that of the Standjird Oil Company, 
recorded in the reports of the Geological Survey of Ohio by Newberry, 
which, situated near the mouth of Kingsbury run, reached the bod 
rock of shale 228 feet below the level of the river and lake. Even that 
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depth of drift revealed a very iotorestiiiK preglac-ial valify and different 
conditions of topography and drainage from thoee of the prenont day; 
for the gn-atpr part of lake Erie, bh is well knowD, is only about 80 feet 
deep, while its maximuoi depth, apparently in an old river valley now 
covered by the lake, ia only 210 feet. It was also ascertaineil by New- 
berry, from borinfCB for oil, that where the Cuyahoga river enters Cuya- 
hoga county, about thirteen miles from the lakeErie shore nt Cleveland, 
the bottotn of the prcglacial gorge ia SSO feet l)elow the present river, 
or about 175 feet l>elow the level of the lake. 

By inapecting the iiddltional well reL-urde, it is found that, within the 
area of the eity of Cleveland, shown in figure 1, the line 
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depth of the old valley lies near its east side and runs toward the north- 
northeant, passing near to the Forest City park, the intersection of 
Giddings and Buelid avenuee, and Gordon park. Where the preglauial 
Cuyahoga gorge entern this county, it had already attained a depth of 
175 feet lielow the present lake; in the northern edge of Independence 
township, eight miles fr()m the lake, ita depth below the same plane ia 
333 feet, without there reaching the be«l rock; at Giddings and Euclid 
avenues, ita depth is at least UO feet; a half mile farther north, it ia 300 
feet, if not more; an<l at Gonion park it is known to exceed 470 feet, - 
all being depths below Inko Erie. 

Because of the greater eitpense of boring in the drift than in the un- 
derlying ahale, the depth to the base of the drift has been carefully de- 
termined; but the succession of diverse drift deposits, and their respe*-- 
Kve thicknesses, have not tjeen so noted. Concerning the characters of 
the drift, Mr. Gilbert states that, Iwneath the superficial Cuyahoga 
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delta sand and gravel, usually 10 to 20 feet deep, a considerable thick- 
ness of stony and ffravelly clay or till is passed through, with occasional 
enclosed beds of stratified gravel and sand; but that the lower portion 
of some of the deep drift sections consists chiefly of sand and gravel, 
resembling those of the present lake beaches. Tn the till of the well at 
the public square he bored through a log fully two feet in diameter, 
thought to be oak, at the depth of 125 feet. In this well a stratum of 
seven feet of very fine quicksand lay immediately upon the shale, at the 
depth of 205 feet from the surface; but in some other deep wells the 
lowest drift deposit is clay, probably till. 

The deep preglacial valleys of the Cuyahoga and Rocky rivers, tribu- 
tary to the basin which now holds lake Erie, testify, with many other 
similarly deep and drift-filled preglacial river courses throughout the 
interior of our country-, that immediately l)efore the Ice age this conti- 
nent was uplifted much above its present altitude, giving steeper gradi- 
ents and increased power of erosion to the streams. The duration of 
the uplift, however, was not geologically long: else the narrow gorge of 
the Cuyahoga would have become a wide valley, and, on the borders of 
the continental plateau, the fjordlike continuation of the Hudson and 
other rivers, and the northern and Arctic fjords, wcmld have been wid- 
ened to mature valleys, with extensivt* lowland plains and gently slop- 
ing sides. 

Such great depth of erosion by the preglacial Cuyahoga river shows 
that the Tertiary and Quaternary river of the lake Erie basin had it« 
coursi^ on a land surface which is now covered and raised, probably for 
the greater part from 200 to 400 feet, Vjy the deposition of glacial and 
modified drift during the Ice age. The topographic irregularities of 
the preglacial Erie valley are thus largely enveloped by the drift, which 
forms a very level expanse beneath the shallow lake. The beds of coarse 
gravel contained in the till near its base, as in the Standard Oil Com- 
pany's well, indicate fluctuations of the glaciation in its early stages, 
with free drainage ccmditions, the altitude being greater than now, and 
the lake area not yet depressed to be a clo8<»d basin. 

i.'i. A Revision of thi* Moraines of Minnesota. J. E. Todd. This 
paper presented first a map of the moraines of northern Minnesota as 
interpreted and mapped by Mr. Upham in the Twenty-second Annual 
Report of the Minnesota (xeological Survey, in which the northern mo- 
raines, in the series of twelve found in this state, are represented as ex- 
tending in general from east to west across that district, having been 
formed successively during a motion of the ice-sheet principally from 
the north. The following objections were urged against this interpre- 
tation. 

1. It assumes that latitude had more to do with the ice movement 
than altitude, and that topography had little effect on the movements 
of the ice-sheet. On the contrary, in the case of the present glaciers of 
Alaska and Greenland, as well as of the Dakota, Iowa, and Wisconsin 
lobes of the ancient ice-sheet, it appears that, at least in the zone of 
ablation, glacier lobes, like streams, flow farthest in the valleys. It 
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claims that the ice retired from the lake Superior basin and the Red 
river valley earlier than from the highlands about lake Itasca and the 
Mesabi range. The abrupt rise of more than 1,000 feet from lake Supe- 
rior to the highlands on the north is supposed not to have affected the 
direction of the so-called Leaf Hills and Itasca moraines. The Mesabi 
moraine is represented as descending 200 feet from the watershed north 
of the Mississippi to Red lake with a retreating angle, instead of an ad- 
vancing front which it should have according to analogy with the pre- 
vious lobation farther south. 

2. It does not represent the ice-sheet as retiring in the proper direc- 
tion to explain the formation of the early stages of lake Superior, nor is 
it in harmony with the glacial movements of recession producing the 
stages of lakes Warren and Algonquin. 

3. It does not agree with the observed directions of strias, particular- 
ly those about Duluth and Carlton, Minn., which bear mostly W. S. W., 
and thope on the upper portion of the Big Fork river, which bear large- 
ly westward or perhaps eastward. 

4. It does not harmonize with the observed distribution of boulders. . 
The basin of the upper Mississippi lacks limestone boulders, while they 
abound to the west and north of its watershed. Moreover, Mr. J. E. 
Spurr, in the same Twenty-second Annual Report, states that in north- 
eastern Minnesota the moraine correlated with that of the Leaf Hills 
by Upham, as also the drift north of it for some distance, has clearly 
been derived from the northeast or east. 

5. It disagrees with several morainic areas more recently observed by 
the author, notably with a moraine belt passing south of Turtle River 
lake and Turtle lake and curving south across Grant creek and west of 
Schoolcraft river into Hubbard county, and with another which passes 
north of Cass lake, thence across the Mississippi, and along the south- 
west side of lake Kabecona and south of Leech lake. These moraines 
are sufficient to indicate a north and south trend over this portion of 
the state. 

In view of these and other facts, a new mapping of the moraines in 
north central Minnesota was offered, referring them to two great lobes 
of the ancient ice-sheet, a shorter one moving southwest through the 
lake Superior basin, and a longer one moving around this from the 
northeast to the west and southwest. In their recession, these lobes 
formed successive slender and more or less curved reentrant angles, 
producing interlobate moraines, one arm of each being formed on the 
west side of the Lake Sup<^rior lobe, and the other arm along the east 
side of the Red River lobe. The apex of this angle advanced toward 
the northeast until it grew into a slender moraine, probably traceable 
along the Mesabi range. The courses of the moraines, according with 
this view, were indicated in detail by a map. 

Hi. Notes on certain Fossil Plants from the Carl>oniferous of Iowa, 
Thomas H. Macbride. Microscopic slides, showing sections of the 
stems of a Sigillaria, probably S. vascularis Binney, from the Des 
Moines bods of the Iowa Carboniferous, were exhibited. The woody 
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tissue is of two types, that which constitutes an inner medullary cylin- 
der, and that which forms the wood proper of the stem. The latter 
surrounds the medullary structures, is radiately cleft by abundant med- 
ullary (?) rays, and gives every evidence of having been exogenously de- 
veloped. The woody tissues are constituted, as in the conifers, of what 
may be called tracheides, but are unlike conifers in that the tracheidea 
are marked by the scalafiform mode of wall-structure and not by bor- 
dered pits. All this is confirmatory of Binney's researches. As to what 
constitutes the true medulla, the author argued that it must have con- 
sisted of loosely constructed and early decadent parenchyma, whose in- 
dividual cells are no longer identifiable. 

17. Origin of the High Terrace Dej)08it8 of the Monongahela river. 
I. C. White. These terraces along a distance of more than a hundred 
miles, extending at least from Weston, W. Va., to Geneva, Pa., are at- 
tributed to deposition in slack water, amounting to a lacustrine condi- 
tion. They are practicaly level, while both the rock shelf and the 
present rock bed of the valley have a regular descent downstream. The 
clay deposits of the upper terrace level (about 1,000 feet above the sea) 
are, in places, as much as sixty feet thick, and contain multitudes of 
perfectly preserved leaves. Most of the species are of trees and other 
plants which still occupy the same region; but at least one is now re- 
stricted to the region north of the great Laurentian lakes, thus pointing 
to the influence of glacial conditions in depressing the temperature as 
far south as West Virginia. The ice-dammed lake in which these ter- 
race deposits were formed is named lake Monongahela. Its formerly 
level plane is now 1,000 to 1,100 feet above the sea. 

To account for the slack water at this level, the author now adopts 
the theory advocated by Hice and Foshay and by Chamberlin and Lev- 
erett, that the original drainage of the Monongahela basin passed north- 
ward, through the Big Beaver and Mahoning valleys, to the lake Erie 
valley. But this direction of the drainage was before the ice-sheet ex- 
tending from the north reached the watershed of the present Ohio. 
Then it was reversed, and the streams from the ice melting and from 
rains rapidly cut through the cols which separated the headwaters of 
the various branches running from the flanks of the Allegheny uplift, 
thus forming the new stream which the Ohio essentially is. The sug- 
gestion of Chamberlin is accepted, that there was a col south of Wheel- 
ing to be cut down, and it is thought to have been sufficiently high at 
first to form the barrier that dammed the water up to the level of the 
Monongahela terraces, which therefore are now so explained without 
the help of the Cincinnati ice dam, although that may have been influ- 
ential to produce terraces farther down the valley. As to the time re- 
quired for the production of the present Ohio valley, by the' erosion of 
cols, it was inferred that the ice-sheet may have taken thousands of 
years in slow extension from the watershed of the Ohio to its farthest 
bounds, while the rocks below Wheeling are very soft and would have 
been rapidly worn away. 
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In the eD8uiDf( discussion. Prof. G. F. Wright and Mr. G. K. Gil- 
bert concurred with the author^s conclusions. 

18. The Making of Mammoth Cave. Horace C. Hovey. The bibli- 
ography of the Mammoth Cave of Kentucky includes more than four 
hundre<] citations, and many of the authors and observers ascribe the 
origin of the cave to earthquakes aidec] by the grinding agency of whirl- 
ing water freighted with sand and pebbles. This latter theory for the 
formation of the pits and domes is held by Dawkins and Shaler, as well 
as others of note. The present author, on the contrary, after having 
examined every pit and dome in this immense cavern, believes that they 
were all made by solution and decomposition. The limestone from 
which the cave was excavated shows slight signs of seismic disturbance: 
and the streams have accomplished little through abrasion or erosion. 

In company with Dr. R. E. Call, the author has measured nearly all 
the large pits and domes, in gathering details for a new guide-book of 
the cave. The Bottomless Pit is 105 feet deep. Grorin's dome is 105 
feet deep from the top, and 88 feet from the ''window," where tourists 
usually look into it. Garvin^s pit is 95 feet deep; and Scylla and Cha- 
rybdis are 89 feet deep. The Maelstrom is 98 feet deep. These meas- 
urements were taken with the utmost care and can be relied upon as 
correct. 

19. The Colossal Cavern. Horace C. Hovev. There are said to be 
five hundred caverns in Edmonson county, Kentucky, so that the find- 
ing of a new cave in that region need not surprise anyone. But the 
Colossal Cavern, discovered in July, 1895, by Mr. Pike Chapman and 
owned by Mr. Hazen W. Proctor, is really a great discover}'. It is only 
about four miles from the Mammoth Cave, which it resembles in many 
of its features. The entrance, however, is down through an orifice at 
'the top of a dome. After descending 0(5 feet, the bottom is found to lie 
a mass of debris. Thus the visitor descends dome after dome, by means 
of ladders, until he stands at a point 240 feet below the place of en- 
trance. These douies are very magnificent. The crystal rosettes (ou- 
lopholites) are extraordinarily delicate and superb. Never having been 
disfigured or blackened by torches, they are white as snow and sparkle 
brilliantly under the magnesium light. There is said to be a large body 
of water in this cave. Explorations by strangers are not allowed, as the 
effort is being made to find some more convenient way of access through 
some other known cavern. 

W. James HalL Founder of American Straliyraphic Geohtgy. W J 
McGer. 

21. Pi'ofessor Hall and the Snriiey of the Fonrth Distinct. John M. 

Clarke. 

22. Sheetflood Erosion. W J McGee. Papagueria (the land of the 
Papago Indians), lying in southwestern Arizona and western Sonora, is 
A distinct province or subprovince presenting many interesting geologic 
and geographic features. It is hot and arid; its waterways are few and 
small and never reach the sea, so that degradation and aggradation are 
eomplete within it; it is an area of broad, undulating plains, separated 
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by acatterecl sierras which are notably rugged; and since the general 
conformation of the province was shaped it has suflTered south westward 
tilting whereby the south westward flowing streams have been stimu- 
lated and the northeastward flowing streams paralyzed to the extent 
that the divides are migrating and no longer coincide with the dominant 
topographic features. One of the striking characteristics of the prov- 
ince is the ruggedness of the mountains and the sharpneps with which 
they rise from the flat-lying plains; a still more striking feature is the 
structure of the plains -they consist of the planed edges of strata simi- 
lar to or identical with those composing the mountains, vene<Yred with a 
thin sheet of mechanical debris, and are manifestly prcxluced by wide- 
spread planation extending over the greater part of the province, i. e., 
the entire area except the central jxirtions of the valleys, which are 
deeply lined with alluvium, and the scattered sierras which are rem- 
nants of an ancient plateau. 

On studying the process and agencies of erosion, it is found that the 
chief agency is storm-water and that active erosion is limitiHl to a few 
consecutive hours or days during the semi annual, annual, or mom 
widely separated storm -freshets. When such freshets occur the waters 
are quickly charges! with mechanical debris, the pHxlutftsof past sti^>rmii 
or of inter-st^>rm disintegration; the overloiuJeil frenh^'ts push slowly over 
the vast plains in sheets rif muddy wat^'r: and whenever the viw^id sheet 
begins to segregate in a stream its velfK'ity am] h«*nc.'e iti* transjK/rting 
power immediately increase until it is overKiadefl more heavily than 
before, and within a few yards U*ginM to build up a r)i*lta by which itii 
velocity is checked and its volume* reilistributwl; sf> that th^* ultimate 
tendency of th«* flrxx] \t> in crmtinu^* in a shw't until the wat'Ts are Ujivt 
through evaporation and a^^Hr^rption. Thus tbr* chara/rt/'ristic form (4 
water-flow is not in strcramn. but in sluggishly moving shM'ts which may 
tie called HheHflfMf^h: th*'i¥' ar** amply suppli^l with rrxrk matter which 
is mechanically disintegrate] rath^'r than chemically ntltu^'i]. an#] which 
is thus an effici^-nt er<^x]ing sul/stance: and throughout m^ist of the re 
gion the tend#-ncy of the storm waters is not Ur «'arvi* vall^vH. but t/> 
plane broad belts two U* twenty mil*^ or mon* in width, ftse^'ms/^er 
tain that this distinctive agency has prrxluce^l th*- distim't iv#* i-^fntt/miH 
tioo and structure of th** provin^f. 

J.'f. GUiCifil fUfff^i iM'jMfnitn in the Ch^natnjo {'aUt-y. \LHy.in \*. 
Brigham. The a^iuw^ {fjarrial or m'xlifi'-^J drift flf.fffmitk foutttl ir, ttj#r 
Chenango anrl Orifikany va !!*•¥« from \>*^u**\\\\«-, u^^r L'ti/ra. f/> Hirig 
hamtoD, v. V.. are d*^rrit*e*J hh ksktu*^. e«k*-r«». kafx»e t^rra/?^. fr^^ntjii 
terraces, ami val.ey trains, in this terrnirj/zUigy fot>/iiing H^kiM^nry, 
True tin is foun^J '/n.y «,ri th** rr*ain hiii hl'/p*^. The kmui*', f/rra/sMi a/*^ 
deposits mskTinr.iXi Xn i'-h t//rig'i«-fi. \^\uy[ *ti*- f-arw as the jnU-rni n^/nAfgn 
tf^musf^m of Oi.ir>-rr. The front;*! t^rrao- in aMtrxnat/^J »irh karii^r^. ar^J 
in sr^me cai»-^ i* fcho^r* to t^ a tr»ie delta *i*'f/fmt.. It ui a fnmtti Zftr'm 
of the vai>> t>f^. ary) in r.f^iv.y re^at/^l t/# ttif ^sifA p^aibn of iMtin aiyj 
others. MaA*iv«r fir.*- ':>a>». fiul^nyir.s^ the vaij^r train i(Ttk9^Mr /khfm 
]^'U»lht*^ -^fjt^iiti/A^^ fJ .'/ng d'jfati//f*. »h'^«i^ hwt//fy i* r»^A y^ 'UiUr 
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mined. It is believed that the ice retired with relative (though Dot ab- 
solute) rapidity in this region, with several pauses, especially at the 
southern rim of the Mohawk basin. The observations do not indicate 
deep and powerful floods in the Chenango valley during the progreps of 
the final glacial melting: and an essentially sectional manner of valley 
train deposition is here emphasized. 

*J4. Origin of Conghnieraten. T. C. Hopkins. The source and the 
manner of accumulation of the coarse material in the heavy beds of 
conglomerate in different parts of this country present some difficult 
problems. This is especially true of the conglomerate at the base of 
the Coal Measures; and in few districts is this conglomerate farther re- 
moved from an apparent source than in Indiana. The author showed, 
however, that a considerable portion of this material in Indiana, possi- 
bly all of it, came from the underlying limestone of Lower Carbonifer- 
ous age, being derived from the segregated chert masses, quartz brec- 
cias and goixles contained therein. The evidence in support of the 
statement is, in the main, the finding of geodes and geodic fragments in 
the conglomerate, along with chert fragments. 

^,9. Origin of Topographic Features in North Carolina. Colli kr 
Cobb. 

:?f?. The. Cretaceous Clay Marl Exposure at Cliffwoody N. J. Arthur 
HoLLiCK. This outcrop represents the extreme northeastern extension 
of the formation. It is a bold bluff, some thirty feet high, more or less 
masked by a talus at the base, and capped by yellow gravel. It is one 
of the few localities where the fauna of the horizon has been collected 
to any notable extent, and is the only one, so far as the author is aware, 
which has ever yielded any of its fossil plants. The material collected 
otmsists of pix>rly preserveti molluscs, fragments of crustaceans, leaves, 
fruiti and branches of plants, and masses of lignite. 

The crustaceans are too fragmentary for determination. Among 
about fifteen species of molluscs, the following were identified: Pterin 
ftetrosa Conr.. AVwuwrtvi cretacea Conr., Cardium ripleyanum Conr.. 
Ijciopista pn^texta (Conr.^ Meek, Inocemmus tuigensis Owen, Gryftlurn 
resicnlari^ {I Am.) Whitf.. and SctUaria herculrs Whitf. All of theso 
had lieen previously found at or near the same l<x*ality. 

About twenty -thret* spei»ies of plants were found, three being pn>vi- 
siimally referreil to gymnivperms and eighteen to dii^^tyleilonous angi- 
osperms, while two are of doubtful s>*stomatio position, (^inningham- 
ites elcgans (Conia^ Endl. and Iktmmani bi^rrah's Heer are the most 
abundantly represt^nte*^. Species nHMcninsi as identical with thi^se of 
the Amboy clays are hivrnf plutonia Heer, ."^i/i'a- pn^ttrft^ia I.<esq.. 
Mffnca>.fenr9trafa Xewb.. and Mi^m^ia ^n^Hlhnd^nsis Hollick. The 
i^maioikv represent either new spei'ies or s|ieiM(^ not before feoorJed 
fiYWi eastern Noj-th America. S*>me are ti» fragmentary for more than 
generic determination. These si^vimens are of great interest as repre- 
CK^nting the last phase of CretAtvt>us land vegetation in thi*« regit^n. the 
next succe<*ding seiiiments l>eing purely marine. 
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i^. Post -Cretaceous Grade-plains in southern New England. F. P. 
Gulliver. The Jura-Cretaceous peneplain of the eastern United States 
has been elevated and dissecteii. The elevation of southern New Eng- 
land was from 150 to 250 feet, causing grade-plains to \)e developed for 
one or two hundred miles inland. Afterward the land was again up- 
lifted 100 to 200 feet, and grade-plains were again developed at a greater 
depth. The land still continued to rise, and trenches were cut below 
the level of the second lowland grade-plains. Lastly, a slight dopressirm 
now allows the sea to enter some of the valleys. 

2S. The Algonquin Hirer. G. K. Gilbert. The channel of th»» 
Pleistocene river was first observed and named by Spenc*er in 1888, be- 
ing then described as the outlet of lake Algonquin. It flowed from the 
old lake at the site of Kirkfield, Ont., down the Trent valley to lake 
Ontario. In 1891 Spencer hesitated between this opinion and the view 
that the Algonquin water Was a gulf of the ocean, the relation of its 
highest plane to the Kirkfield para l>eing a coincidence. In papers 
published this year he has adopted the latter theory without reserve. 

Last autumn Mr. Gilbert examined the upper course of the Algonquin 
river from Kirkfield to Fenelon Falls, and traced considerable parts of 
its lower course, finding everywhere unmistakable channel characters. 
The Trent drainage valley includes many lakes. In the shorter stream 
ways between lakes the drift, originally from 20 to 70 feet deep, has 
been removed for a width of one mile, exposing bare sills of Trenton 
limestone. In longer stretches of constricted passage the width of the 
old channel ranges from 1,500 to 3.000 feet, and the Jwttom is oftt»n 
paved with great boulders. Above Rice lake the channel is divided, one 
part following the Otonabee, the other Indian river. There is a delta at 
the estimated position of the Iroquois plane ; but, as that is also the 
plane of Rice lake, the correlation with lake Iroquois is questionable. 
The old Pleistocene channel does not stop at Rice lake, but continues 
with undiminished strength to lake Ontario at Trenton. 

It follows, (1) that the Algonquin water was a lake, and not a giHf : 
(2) that during the epoch of the Algonquin river the Niagara drained- 
only the Erie basin ; and, (3) that the waning of the ice-sheet opened* 
the upper St. Lawrence valley l)efore it opened the Mattawa valley. 
^The last inference has been reached also by Taylor from independent 
data.) 

Spencer has traced the Algonquin shore line as it descends from 
Kirkfield and from the vicinity of lake Simcoe, westward along the 
south side of Georgian bay and in the Huron basin ; and Taylor hns 
recently observed it at Sarnia and Port Huron, where it is not far above 
the water of lake Huron. I infer (thus agreeing with Taylor's latest 
and Spencer's earliest opinion) that the outlet of lake Algonquin was 
diverted by terrestrial deformation from Kirkfield to Port Huron ; ane^ 
it follows that the opening of the St. Lawrence passage and the result 
ing disappearance of lake Iroquois preceded that diversion. These re 
suits have a bearing, not only on the use of the Niagara gorge as a 
chronometer, but on the comparative geography of the ice-front. 
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W. The H'hirljHtol St, Dai^id's ChanueL G. K. Gilbert. When 
Hall liod Lyoll viaitKl the Whirlpool in 1841 and laid the foundation for 
its scientific interpretation, they differed notably as to the character of 
the old channel they discovered. Hall thought it comparatively shal- 
low. My own study, which has been somewhat extended and has in- 
cluded a topogrraphical survey, sustains the view of Lyell. 

HalPs opinion was leased on the occurrence of rock in the bed of 
Bowman creek, a tributary of the Whirlpool. Bein^ surrounded by 
Airest, and not having the aid of a good map, he made the easy mistake 
(A auppoeing Bowman ravine to traverse the middle of the drift mass 
filUug the channel, whereas it really follows the southwest margin ; and, 
w^ere the creek trenches on the side of the buried channel, he thought 
the bottom" was exposed. Olaypole and Spencer afterward repeated his 
(jbservation and inference. 

My study also confirms the observations rff Lyell and Belt that the 
drift fining the old channel is visible in sitv down nearly to the margin 
<rf the Whirlpool, instead of being a mere veneer of landslides asreport- 
etl by Spenper. 

The course of the old channel between the Whirlpool and St. David's 
is now fairly well outlined. The southwest wall has been traced by 
means of outcrojis of Niagara limestone through nearly half its length. 
The northeast wall is fixed at one point by an outcrop and at a second 
)ioint by means of two deep wells, one of which penetrates drift only 
while the other encounters rock. 

From a study of the configuration of the Niagara gorge above the 

Whirlpool, it apiKUirs, on the whole, probable that the ancient gorge 

(wiiether preglacial or interglacial) ended two or three hundred yards 

above the WhirliKX)! ; but Pohlman's theory that it extended to the 

Whirlpool rapids is not disproved. 

.W. Profile of the Bed of the Niagara in i7x Gorge. G. K. Gilbert. 

fn the pool between the cataract and the Whirlpool rapid a number of 

80\inding8 were made by the United States Lake Survey, the greatest 

recorded depth being 189 feet. At the mouth of the gorge a depth of 

98- feet was determined by the same corps. At most intervening points 

direct measurement is jirevented by strong currents. To supplement 

the soundings, I have made indirect measurements in four places, using 

a method first suggested by Taylor. At each place the width of the 

Mirram and the velotrity of the central part of the current were measured. 

The simultaneous volume of flow was computed from the hight of water 

at the h«ad of the river, as shown by the United States engineer gage at 

tkiffalo, the computation being liased on discharge measurements made 

some years ago by U. S. engineers, near the International bridge. The 

dcipth was then derived by the following formula: 

1 1 4.U *^ Volume 

Central depth ^ Ceutral Teld^ity X width. 

Th« depth thus computed along the Whirlpool rapid was 35 feet; at 

ibe outlet of the Whirlpool, 50 feet ; opposite Wintergreen fiat, 35 feet : 

and l>elow Foster fiat, 70 feet. Some allowance should l>e made for the 
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fact that the work was performed in the summer of 1895, when the vol- 
ume was exceptionally small. The remainder of the profile was interpo- 
lated by the aid of comparative studies of the character of the water 
surface. A depth of about 100 feet is ascribed to the stretches above 
and below the Whirlpool, each beinf? separated from the Whirlpool ba- 
sin by a narrow sill: the depth of the Whirlpool is estimated at 150 feet; 
and a gradual deepening is inferred for all the channel below Winter- 
green flat. 

In interpreting the profile, features at the Whirlpool are explained by 
the phenomena of the buried channel, and the depth at the mouth of 
the gorge by a temporary low baselevel of post-Iroquois date. The 
shoals at Wintergreen flat and the Whirlpool rapid are correlated with 
epochs when the discharge of the upper lakes by the Trent and Mattawa 
valleys left the Niagara river and falls too small and weak for deep 
excavation. 

.y/. The Niagara FaJls Gorge. George W. Holley. No abstract 
nor notes of this paper have been received; but reference may be made 
to this author's interesting little book on Niagara, published twenty- 
four years ago.* 

32. Origin and Age of the Laurentian lakes and of Niagara Falls. 
Warben Upham. (Read by Prof. C. H. Hitchcock.) Published in the 
last preceding number of the American Geolooist (vol. xviii, pp. 169- 
177, with map, Sept., 1893). 

•W. Correlation of Warren Beaches trith Moraines and Outlets in 
Southeastnni Michigan. F. B. Taylor. The work reported was begun 
early in June of this year by Mr. G. K. Gilbert, and was afterward con- 
tinued by the writer at his request. It was found that the Forest beach, 
which is the lowest well-marked beach of lake Warren, rises from 83 
feet above the level of lakes Huron and Michigan' near Port Huron, 
where Prof. Spencer measured it, to 195 feet at Bad Axe, where it rounds 
the end of the ** thumb" of Michigan (the projection southeast of Sagi- 
naw bay). From Bad Axe it passes through Gagetown to Vassar, and 
then backwanl to Cass City ; thence it runs southwesterly past Juniata 
and Clio, and thence nearly west to Maple Rapids, about five miles 
within the head of the Pewamo channel. At Chapin its altitude is 
about 125 feet* Beyond that place westward the aneroid determinations 
were not very satisfactory. At Maple Rapids the Forest beach has an 
approximate hight of 100 feet. 

Detailed study of the glacial topography in the region about Bad 
Axe, Verona Mills, and Ul)ly, shows that up to about 200 feet the land 
has a gentle and comparatively smooth slope toward lake Huron. 
Above is a rugged morainic topography, with the hilltops 250 to 275 feet 
above the lake. Near Port Huron the Arkona beach, as identified by 
Spencer, is 110 feet above the lake. But the closest examination of the 
hills near Verona Mills and Ubiy failed to show any trace of shore lines 
above the Forest beach. 



•Niagara: its His»tory and Geology, Incidents and Pootry, with Illustrations. 1872. 
(1H5 pages and a map.) 
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Three well raarked channels of abandoned outlet rivers were found 
crossing the crest of the ** thumb " from east to west. These are called 
the Imlay, Cumber, and Tyre channels, named after villages that are in 
or near them. The last two have their mouths within a mile of each 
other near Cass City. The first channel is farther south, extending 
from near Imlay northwestward to North Branch and probably beyond. 
This channel lies Ijetween the head of the great interlobate moraine on 
the southwest and a well defined terminal moraine which is the first in 
a series of three moraines lying lietween the channel and the present 
lake shore. The Maumee beach of Spencer (probably the same as the 
Leipsic beach in Ohio) was traced fn)m Berville into the head of the 
Imlay channel. The Ridgeway beach, which is the next lower in the 
Warren series, was traced north and east from Emmett to the west slope 
of the valley of HIack river, which lies between the second and third 
moraines. The Arkona beach, next below, also passes northward into 
this same valley. From thepe localities near Port Huron northerly to 
the heads of the Cumber and Tyre outlets the valley has not yet been 
explored. But the fact that the two beaches pass into the valley at the 
south end, while the two outlets paPS out of it at the north end, seems 
to leave no perious doubt that the beaches connect with those outlets, 
the Ridgeway with the Cumber, and the Arkona with the Tyro. 

It appears, then, that three stiig^^s of lake Warren had their outlets 
westward across the '* thumb " of Michigan to the Saginaw valley, and 
thence westward to the Michigan basin and the Mississippi river; that 
the Forest or last beach of lake Warren is the only one w^hich pasFes 
around the *' thumb;" and that this beach passes into the Pewamo 
channel as the outlet of the lake at that stage. In the Saginaw val- 
ley a new beach was found extending westward from Cass City into the 
Pewamo channel. It lies 20 to 30 feet above the Forest beach, and ap- 
pears to have l)een contemporaneous in its formation with the Ridgeway 
and Arkona l)eache8. It marks the shore of lake Saginaw, which there 
stood in front of the waning ice-sheet while the third moraine and the 
Ridgeway and Arkona beaches were being formed. This has been 
called the Du Plain beach. 

We have then the following five outlets for as many successive stages 
of lake Warren, namely, the Fort Wayne, the Imlay, the Cumber, the 
Tyre, and the Pewamo. This paper was illustrated by a large colored 
map, showing the st^veral beaches, outlets, and moraines. 

34. Nates on the Glacial SucccHsion in eastern Michiga%i. F. B. Tay- 
lor. During the author's explorations of the Great Lake region for old 
shore lines, many notes were taken incidentally on the glacial drift and 
its various characters. In 1895 three terminal moraines were clearly 
made out in exploring the eastern coast of Michigan between the strait 
of Mackinac and Saginaw bay. The work of the present season in the 
Saginaw valley ?ind on the ** thumb " has supplemented that of last 
year so as to continue the series down to northern Ohio and Indiana, 
where the moraines had been map|>ed before by Gilbert and Dryer. If 
to these we add Leverett's moraines in the valley of the Great Miami 
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river in southwestern Ohio, we have a perfect and unbroken series mark- 
ing stages in the retreat of the last ice-sheet from near Cincinnati to 
the strait of Mackinac. 

Beginning at Leverett's most southerly moraine, near Cincinnati, and 
numbering the series northward, along the central axis of the Great 
Miami valley, down that of the Maumee, up that of the Detroit and St. 
Clair rivers, and thence northward along the east shore of Michigan, 
we rind that the fifteenth or Hagenville moraine lies just south of the 
strait of Mackinac, and that the thirteenth or Huron-Saginaw moraine 
lies a little back from the shore of Saginaw bay and the south arm of 
lake Huron. That the rirst moraine back of the shore in each of these 
latter valleys is in reality one continuous moraine, bending northward 
around the *• thumb " and marking strictly contemporaneous positions 
of the ice front, was a subject for proof by observation. This fact was 
established by a detailed study of the moraines near Ubly. The first 
moraines of the two valleys join in a right angle near this place, the Sag- 
inaw moraine running to the northeast to join the Port HuWm moraine 
which comes up from the southeast. The angle is sharp and the forms 
of the moraines are quite simple, leaving no doubt as to contempora- 
neity. 

In making the count of moraines, the central axis or line of least 
resistance in the valleys was followed in order to avoid the confusion of 
moraine knots. The oscillations of the ice front were there freest, and 
in the presc^nt case the line indicated from Cincinnati to Mackinac has 
no moraine complex. The series appears to be complete and without 
omission. 

If we turn northeast at Toledo and pass down the axis of lake Erie 
and over into the lake Ontario bsisin, numl)ering Leverett's moraines 
as we go from the Toledo moraine as the eleventh, we shall find that 
the Albion moraine in western New York is the fifteenth. The interval 
remaining between the Cleveland and Hamburg moraines is so great as 
to suggest a fMjssible omission of one member. But this is hardly 
likely. The Lockport moraine as the fourteenth corresponds to the 
Alcona moraine of Michigan, the fourteenth (m the northward line. 
The fourteenth and fifteenth moraines undoubtedly pass along the 
south side of CJeorgian bay l)etween lakes Huron and Ontario ; and one 
or the other of thew* two probably records the ice barrier of lake Warren 
in its last stage. 

The more important conclusions suggested by this pajier were noted 
only very briefiy. The irregularities in the moraine series are so simple 
that they are nearly all readily accounted for by the topograi)hic fea- 
tures in the path of the moving ice sheet. Such being the case, it 
V)ecome8 plain that if the irregular features of the land had been absent 
the moraine s'^ries would have been nearly if not i)erfectly regular. 
These characters iK)int to the following conclusions: first, that the os- 
cillations of the glacial recession were regular, pericxlic variations, su- 
perimposed uiM)n the main recessional ctmdition: and, second, that this 
main recession was itself nearly if not perfectly regular. It is possible, 
h owever, that th<* general recession had a slowly accelerating rate. 
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These conclusions obnously point to the cause of the oscillatin^c re- 
cession as neither local nor terrestrial, but climatic and hence of astro- 
nomic origin. Thus the nature of the cause of the Ice Age is apparently 
disclosed by evidence drawn directly from observations on the drift. 
This subject, which in a different phase has been briefly considered by 
Woodworth in the last Am. Geolooistt (p. 167), will be discussed more 
fully at a future time. 

The moraines here described were shown on a colored map. Other 
maps, illustrating portions of the themes of this and the preceding pa- 
per, have been given by Mr. Taylor in another very valuable paper^ en- 
titled ** A Short Hist^)ry of the Great Lakes," in recent numbers of the 
Inland Educator (vol. ii, pp. 101-103, 138-145, and 216-223, March, 
April, and May, 1896), published at Terre Haute, Indiana. 

35, The 0]»erationH of tfie Geological Survey of the State of New 
York, James Hall. 

56*. The Eoceiie Stagen of Gewgia, Gilbert D. Harris. The north- 
ern border of the Eocene of Greorgia was indicated more correctly by 
White's map in 1849 than on maps of subsequent date: but the hand- 
books published by White, Stephenson, Henderson, and others, contain 
little reliable information on this subject. Lyell did some good work 
along the Savannah river, and properly referred the exposure at Shell 
Bluff to a horizon not far from the Claiborne. The mapping of the sub- 
divisions of the Eocene in southwestern Greorgia by Spencer, in 1891, 
must have been somewhat hasty, since it is now ascertained that nearly, 
if not quite, all the area he includes in his map as middle and upper 
Eocene is occupied by Vicksburg beds. 

During the \mBt summer the author has traced the Midway stage 
from the Chattahoochee river to Putnam, Marion county. The Lignitic 
stage seems not to be fossiliferous east of the Chattahoochee. The 
Lower Claiborne is represented by siliceous ledges seen at quarries two 
miles east of Ft. Gaines, where it is fossiliferous; in the central part of 
the state it is un fossiliferous and consists of whitish sands; on the Sa- 
vannah it is marly and sometimes indurated, as at Shell Bluff. 

The Vicksburg beds are enormously developed in southwestern Geor- 
gia, their northern limit passing four miles east of Ft. Gaines, five miles 
north of Cuthbert, one or two miles west of Anderscmville, two miles 
south of Perry, past West Lake and Sandersville, and thence probably 
southeast to Screven county, though from Sandersville eastward Prof. 
Harris has not perstmally studied this stage. A remarkable outlier of 
Vicksburg n>ck is found twelve miles north of Fort Valley, at Rich 
Hill, Crawford county. The southern limits of this stage are still not 
well detlned, especially in the southeastern part of the state. 

37. The Origin lunl Age of the Gypsum Deposits in Kansas. G. P. 
Grimsley. The gypsum beds of Kansas, mapped during the past sum- 
mer for the University Greological Survey of the state, t)Utcrop in a belt 
of varying width extending diagonally across the state in a northeast to 
southwest direction. They cover an iirea about 180 miles long, grad- 
ually widening toward the south: its width is 10 miles at the north, 20 
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miles in central Kansas, and 60 miles in southern Kansas. The deposit 
increases in thickness southward, from eight feet in northern Kansas, 
and from 14 feet in the central part, to 25 feet in southern Kansas^ ami 
farther south it is even thicker. The j<ypsum of northern Kansas is 
1,250 feet above sea level; of the central portion, 1,300 feet; and of the 
southern part, 1,700 feet. The dip is in (general south and a MtWe 
east. 

The gypsum occurs in three well markcnl areas, the northern KaBsas 
or Blue Rapids area, the central or Gypsum City area, and the south- 
ern or Medicine Ixxlge area. The age of the northern deposit is Pter- 
mian, referable to the Neosho division of Proeser. Its origin is doe to 
the evaporation of an old gulf, which did not eva|X)rate sufficiently for 
the deposition of salt. 

In the central area there are two well marked layers of gypsum, the 
lower a gulf deposit, while the upper occurs in basins of eight to twent>' " 
acres each, having more the character of lake deposits. Here the gy|»- 
sum rock belongs to the Marion division of the Permian of Proaser. 
This central area has also deposits of gypseous clay, of very consider- 
able economic importance, which are clearly secondary and of recent 
formation, being due to the precipitation from gypseous springs and the ' 
wash from adjacent hillsides. 

The southern or Medicine Ixxlge area of gypsum ))elongs t^ the Re<l 
beds, and was an evaporating gulf of shallow depth. 

SS, Oeonwrphic Notes on Norway, J. W. Spencer. An account of 
the probable Tertiary and Quaternary epeirogenic movements and re- 
sulting land sculpture of Norway by suba^rial erosion, based on the 
author's reconnoissancert of that country during the ]>a8t summer and 
in a former visit there, several years ago. 

39, The SlojiPs of the Drowned AntiUean Vittleys. J. W. SPEneifiB. 
These slopes are shown to be no greater than those of the hind valleys: 
and, indeed, their gradients are often found, when exactly determined, 
to be less than in the upward continuations of the ssime valleys on the 
land. 

iO. Notes (ni Kansan Drift in Pennsylranitt. ¥Z. H. Williams. J%^ 
liorder of the attenuated Kansan drift has now l)een examined fk>m the 
Delaware river to Butler county, near the western line of the state. It 
is found that the rock erosion was nearly all accomplished ^)efore the 
farthest extension of the ice-sheet, and that the glacial motion wasver>' 
slack toward the extreme border. There is a marked difference between 
the drift on the border east of Salamanca, N. Y., where the sharp turn 
is made, and west of that i)oint. Evidently this angle indicates where 
two lobes from different directions and with different kinds of drift met 
and contended. The western lobe crossed to the east side of the Alk*- 
gheny river down as far as Emienton, a littU? above Parker's Landing, 
thus accounting for the high level gravels as far down as that point. 
These gravels are thought to have been quite generally brought in by 
glacial affluents from the west; and this may likewise l>e the origin ^f 
much material farther down the valley, which needs to lye more fuHr 
studied. 
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Tho fn^HliiH'HN <*f many of the pebbles in thiR oldest drift shows it to be 
of roinparntively recent a^o, and not so enonnously old as some have 
thought it to be. Then' are occasional iH^bhles which had evidently 
l><H»n dfi^ply wt'athenxl and then were subjectetl to glaciation on one or 
two sides, H(» that the weathered parts are worn through. Since the 
ifin(*iation tin* weathering has lMM»n slight, thus demonstrating that the 
jm»Henc<* of weathennl iM'bt)les in glacial de|M>sits is not a certain evi- 
<1i*n(re.of gn^at age. In this region the pebbles and cobbles had been 
r»»lleii and weathere<l lM»fore the it?e-sheet t<K>k them up. It is by no 
jn«*anH improbable that the flowing ice incor|)orateil in its current vaflt 
banks of sand and gravel in Canada, with jx^bbles already worn and 
weathennl, and bnmght them across the Kri«» basin to the valley of the 
l>hio without much abrasion. 

//. /*ir/»fniwiiry XotvH on the Coimitltia lM*^ufsits of the Susquehanna. 
\\. \i. HxMioKK. The sand and gravel terrai-es of this valley in the vi 
finity of Harrisburg, alxuit l.'W f<H»t al>ove the river, an* shown to be due 
i»» river tl<t(Mls fmm the iiv melting, not being indi(*ative of subsidence 
«»f the vallcv. 

IV. i*tr (UuHhriau HaM'hntimj in thv Sovthwestevu States. C. W. 
ii xi.i.. The HMHrnls uf iUn»p vv(»11 Uirings tt» the Algonkian and Archean 
nn^ksshow that thev had Ikm'U more or less fullv bast»leveletl, with de 
taidntion to an appntximately plane surfaiv. cutting across the stratiti 
< ation and folds, In^fonMhe de|M^ition of th»» ov»»rlying Cambrian and 
Jatcr nvk ft^rmatiims. Ma|is and s*H'tions have Inn^n drafteti according 
t»' the ns>»nls of the pres*»nt subterranean contour t^f this Pre-Cambrian 
{H'noplain. 

ItKoi.tMiu .\i Pai'KK> in Si:rTii»N H ( ANTHRorouHiv). 

liufutiti /kf/iVv fn*m //.«* Ih'ir't ••/ o/jim. K. \V. Ci.avi»ole. Siieci 
iions were »»\l)ibit«Ht which wen' recarilisl as pn^»f of the presence of 
i\:Ai\ in i>hit» during the Uv A;ri\ haxir.c Uvn found near Xew LA>iidon. 
Ilun^n i>uint>. at d»*plhs ranjiin^: dowi: to i?*2 fiv: fnnn the surface. 
•:i craxol \h'i»«*sits that appan-rtix i-ar. r.i'! have N><-n disturber! sinif 
;::aciai tunes. I'his ivijvt \^i'.'. i-\^ j»ublisl:->l ii: a:: rarly number of the 

V.VVKU \N tiVOUX.lSV. 

Ki Kkh^k\> K Wkii Ml Oc.ni*:: ^vs: Ma>. -i-.iirr !•>■ dinx*tion of Mr. 
»:.r>; Vo k. a j«^t::. :: .»f rhe s;irf;iv-*' - f :hf j.acia! s;irv! and gravel ter- 
■■.\A *:: :..t l\l.^x\.ire \a. r> .it Tr. V ::. N .' . a ;»< .V.;c '"ver in the pre* - 
. i .V v*f IVv^f W-,;*.:, f. r ::.r ><^k ' T-sV.-i: ar ! :: !v..rstratinfr the 
^i^.-^xs^i . *. f :' ^: :\r ::;: t :•. ■ ••:> .:?•> ?:-■«: j> Pr l\ C AbK^t in 
;■ .> ir.^\ V:.:" ?* .v. r. ■. v: -^'.'. ''■ i:.i* -iT *: » v^o- * tr.e bluff i« the 

^^'i — f--. •. .s: •> ..: • . >• .. ...» :" '" • "i-- > wr .-^f Tn»nt«Mi. 

.k ..; -* :.<.>•.."'• f * • s"' . : :.'• - \ •-• :. :::-^- ftvt deep ami 
.1-- - : • ' - : A.'. 'A< ■ .^ .. Vi f- '. ■.•.4; .i-' it: :it* feet. aiKl 
,^ -..:.■ . , \. .1 •.*>••. ■•..^...- f. > v.. •' TV- upper f<.K»I ''f 

». ;.^: - ^•- 1: : . - ":5 -- ■ ■ - . -i -. *. ■ . •. v.:> and ohipe ^^f 

- • X . ».-..' a: '. a: •. .^ •. ■ * T.; : ' .:■: *- th»- !v*wer 
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two feet of the cxcavatioD, which had evidently been undisturbed, no 
fragments of flint or jasper were found, but there were numerous chips 
and irregular fragments of argillite. Mr. Volk has in a similar manner 
excavated an area of an acre or more, with correspcmding results, so that 
now there seems to be no further reason to question the facts reported 
by Dr. Abbott. 

The evidence that this is glacial gravel, and that these argillite im- 
plements and chips were in the gravel at its original deposition, is 
thought to be incontrovertible. The terrace here is more than a mile 
wide, and is almost perfectly level; the excavations were made running 
back from the bluff which faces the river: the sand in which the argil- 
lite is found is stratified and compact: and there has been no chance for 
subsequent wash to cover so large an area with such a deposit, which is 
continuous with the whole terrace. Besides, ice-borne boulders, two or 
three feet in diameter, occur upon the surface at various places in the 
near vicinity. The sharply angular character of the fragments indi- 
cates that they were lost on the spot, and not rolled down by the flood. 
That they have not been carried down from the surface by burrowing 
animals, or through holes left by decaying taproots of trees, is clearly 
shown by the fact that only argillite is found in the lower two feet of 
the excavation. 

Prof. F. W. PuT.NAM supplemented this paper with a statement from 
Mr. VoLK, descriViing his subsequent work, and opened the box con- 
taining the specimens found by him, only argillite being noted below 
the surface soil or first foot of depth. 
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Extent of the Area. 

Bedford lies in the northeastern part of Wes^teheBter county, 
about forty miles north of New York city and four miles 
southeast of Bedford station on the New York <Sr Harlem R. R. 

The prevailing rock in the vicinity is the gra}'^ Fordham 
gneiss, which is a line-grained mixture of quartz, feldspar and 
biotite, showing distinct banding and normally rather quartz- 

♦Read by title at the BufTaio nieetinj^ of the American Association 
for the Advancement of Science, August 25, 189G. 
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oee.* In the nor the as tern part of Weetcheeter Co, it may 
become rather echistoae, clue to the increased development of 
biotite. 

Dolouiiiie limestone of later age (probably Trenton-Cak-if- 
erous) ie found in the larger valleys. 

The "augen"-gneis8 extends over an irregularly ovoid area, 
starting from a point about one and a half raileB northeast of 
North Castle and extending six miles in a northeaetly direc- 
tion to Pound Ridge. Bedford village lies on the northwest- 
ern edge of the area, while the southeastern boundary runs 
approximately parallel to the Connecticut state line and about 
one mile distant from it. 

The average width is 2^ miles, thus making an area of 
about 15 sq. miles (Piute IX. Fig. 6). 

Within this area the prevailing strike is \. r^O^-IO" E. and 
the dip 36«-40" N. W. 

The ■'AciiES"-GsKiss. 

The normal phase of the roc-k is a fine-grained, gray, gneis- 
sic mixture, containing numerous "augen" of pinkish feld- 
spar, thus giving the rock a distinctly porphyritie aspect. 
These feldspar "augen" usually form a large proportion of the 
rock mass. They vary in size, the average length being one 
inch, although ^onie are three or four inches- long and all show 
twinning after the Carlsbad law. These porphyritic crystals 
are in targe part niicrocline or show "microclinie"' structure 
as described later. On some outcrops where weathering has 
taken place the "augen" appear in bold relief (Plate VUI, 

Fig. 1). 

In most cases the "augen" are elliptical in shape, with 
rounded or rectangular ends, and at timei^ almost showing 
crystallographic boundaries. Again this shape is distinctly 
lenticular, as is well shown by a speoinien from L. McDonald's 
quarry, where a portion of the large "auge" has t)een sheared 
otf at the end of the lens (Plate IX, Fig. 5). 

A constant feature is the pHrallelism which the "augen" 
show with the fichistosity of the gneiss, but they are not al- 
ways uniformly distributed through the rock, at times ap- 
pearing in Wfll marked hamU >\i vniyiiig dimenwi'ins. 




The ^''Aiuje.iC^'.GneisH Area. — Ltujuer and Hies, 241 

On the northern edge of the area the rock is rather fine- 
grained and its structure approaches closely to the normal 
gray gneiss of the region (Nos. and 4). The *'augen"-gnei88 
is to be seen at the foot of Baylis' olilf (19), apparently un- 
derlying the ordinary gray gneiss and dipping 85^-40^ to the 
northwest. 

Along the northwestern edge of the area (Nos. 50 and 57) 
many garnets may be noticed and on the north and southwest 
edges rather dark gray hornblende-schists occur. In the field 
these schists appear very similar to a darker phase of the 
Fordham gneiss, but subsequent investigation may prove them 
to have the origin suggested by F. J. H. Merrill for similar 
hornblendic rocks found in Westchester Co., which he sup- 
posed to be altered diabase and diorite dikes.* 

On the road from Bedford to Long Kidge and at Nos. 8, 11 
and 13, the best examples of the *'augen"-gneiss are to be 
obtained. 

Near the southern edge of the area, by the Connecticut 
state line, the rock grades into a moderately fine-grained 
granitic type, which the microscope shows to be simply a 
more crushed phase of the "augen"-gneiss, while on the east- 
ern edge of tiie area the Fordham gneiss again appears, but 
no passage from one to the other is seen. 

There are marked evidences within this region of violent 
dynamic action, as shown by crumplings in the gneiss, pinch- 
ing out of the **augen" and shearing phenomena. This is 
further substantiated by the microscopical examination of 
the specimens. 

A remarkably good examj)Ie of the wavy lamination of the 
gneiss can be seen in the Ferris clilf on the Hanksville road, 
just south of the Bedford township line. The clitt* lies east 
of the road and is about iiO ft. high, with a very steep slope 
leading up to the bottom. The local monoelinal folding of 
the dark gray gneiss is well shown in the face of the clitf, the 
laminations are very distinct and the gneiss is jointed to a 
marked degree. The feldspar and quartz are scattered 
through the gneiss in more or less granular veinlets. Near 
the upper portion of the clilf there appears (|uite a broad band 

♦Amor. Jour. 8ei. CVi. xxxix. IKJ, 18JK). 
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of granitic rock and bands of the typical "aiigen"-gnei88 also 
show in the face of the cliff. 

It should be mentioned here that no field evidences of de- 
trital origin have been observed. 

Pegmatite Veins. 

Within this area many more or less pure veins or masses of 
great size occur. Quarries have been worked in other locali- 
ties, but the best of them seem to be included in the area just 
described. The larger deposits of commercial importance are 
marked on the map (Plate IX, Fig. 6) at F, B and A. The 
size of these pegmatite deposits can be inferred from the view 
of one of the quarry excavations on P. H. Kinkel's farm; see 
Plate VIII, Fig. 2. On A. Hobby's farm {F) a large, well ex- 
posed pegmatite vein is found, where the deep erosion of the 
Mianus river has laid bare large masses of very pure quartz 
and feldspar. Just to the south of this exposure a fairly good 
granite occurs. P. H. KinkePs (quarry {B) is being worked 
at present principally for feldspar, which is ground in a mill 
on the place. The other small outcrops of feldspar and quartz 
are usually so mixed that they are not profitable to work. It 
will be noticed that the longer axes of the pegmatite masses 
follow the general strike of the '*augen"-gneiss. 

In these pegmatite deposits the quartz and feldspar occur 
in ditferent conditions. At times the}' are found quite pure, 
in large, separate masses with sharp contacts: while at other 
times the quartz and feldspar occur intergrown as a true 
pegmatite, var3nng from an extremely coarse structure, with 
lenticular quartz, to a very fine graphic granite. 

The quarries are cut through with veins of mica and veins 
of quartz, feldspar and mica, forming a coarse granitic rock. 
Black tourmaline, of the ordinary elongated type, is very 
common and seems to occur principally in the quartz near its 
contact with the feldspar. Its occurrence has not been noticed 
in the purely feldspathic portions of the pegmatite. In P. H. 
Kinkel's quarr\% where an excavation has been made into a 
large mass of pure white quartz, the intergrowth of tour- 
maline with the latter is very marked. A close adjoining ex- 
cavation shows chiefly feldspar, either pure or mixed with 
quartz as true pegmatite. 
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In the^e pegmatite areas the colors of the quartz and feld- 
spar vary considerably. Rose, white and smoky quartz are 
found: while the feldspar varies from dark red to almost 
white, which loss of color seems to be due to kaolinization, es- 
pecially near the surface. "Perthitic'' intergrowths of feld- 
spar are noticed in P. H. KinkePs quarry. 

The two following analyses of feldspar from P. H. KinkePs 
quarry show it to be high in potash, with practically an ab- 
sence of lime. The feldspar seems to be chiedy orthoclase, 
although many evidences are shown microscopically of micro- 
clinic structure. 
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Unfortunately no contacts of the quartz and feldspa'r with 
the porphyritic or "augend-gneiss were obtained, as the exca- 
vation has always stopped when the minerals became too 
mixed to be of commercial value. So far as the surface out- 
crops go, the change to the surrounding r^wk seems to be 
gradual and there is no evidence of an irruptive contact be- 
tween the pegmatite and the **augen"-gnei«3. 

In the southeastern jiortion of L. McDonald's quarry (.4) 
there occurs a ^^teep wall of biotite-hornblende schist, some- 
what dec^»mpos«'d and forming an abrupt bounding wall to the 
pegmatite. The dip is very steep and the strike S. :^0^ W. 

There are very few good contacts with the «chist to be ob- 
served, as the quarrying has not been pushed that far on 
account of the impurities encountered. At one place. howev**r. 
near the mouth of the excavation a very sharp contact can In- 
seen. A section of this contact showed the pegmatite to con- 
sist of quartz, plagioclase and orthoclase, the latter containing 
plentiful hematite inclusions and, near the contact, enclosing 
small rounded grains of quartz. The contact under the mi- 
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croscope did not appear to be very Bharp, but was marked by 
a line of biotite shred8 and a finer grained structure in the 
pegmatite. 

The dark schist showed an excess of biotite and a few horn- 
blende shreds, with a good deal of slightly decomposed ortho- 
clase and subordinate plagioclase and quartz. The orthoclase 
contained a few hematite inclusions, while small crystals of 
apatite and titanite were not uncommon. Evidences of dy- 
namic action were not shown by any of the minerals in the 
section examined. 

Quite near this contact there were observed several fine 
pegmatite stringers running into the schist. A microscopic 
examination showed no strains in either the minerals of the 
stringers or the schist. The mineralogical composition at 
these points was practically the same as at the sharp contact 
just mentioned. The outline of the stringers was well marked 
even under the microscope, a very similar appearance being 
shown by a specimen in pi. I, t\g, 3 of Lehmann's work.* 

The same section showed apatite grains yielding a distinct 
negative uniaxial cross. 

The absence of any marked evidences of dynamic action 
(such as crushing, wavy extinction or lines of inclusions) in 
the quarry specimens examined is to be commented on as being 
in marked contrast to the conditions occurring throughout 
the rest of the '*augen"-gneis8 area, as shown later. 

The occurrence of schist as a wall -rock is local and has not 
been noticed in any of the other quarries. 

DioRiTE Dikes. 

These are found at Nos. 14 and 27 in the area. 

Dike, No. 14, appears on the cross-road between the Middle 
Patent church and the Banksvilie road, two miles due north 
of Banksvilie. 

Dike No. 27, occurs about half way down the southeastern 
slope of a steep hill on the Long Ridge road about 1^ miles 
northwest of Long Ridge. 

In both instances the outcrops are of limited extent. 

Dike Xo, IJf, The rock is essentially a moderately fine- 
grained diorite and appears on both sides of the road. The 
general color is greenish gray, and its hornblende crystals 

*Die Entstehung der Altkrystallinischen Schiefer. 
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show quite distinctly on the weathered surface. At times the 
plagioclase almost disappears, leaving a schistose aggregate 
of hornblende and mica. A more or less decomposed phase of 
the gneiss was noticed which consisted of abundant plagioclase 
and mica. Very near the dike a good specimen of the 
"augen "-gneiss was obtained and a vein of white quartz out- 
crops just northwest of the road within a hundred feet of the 
dike. 

Dike No. TI. The rock is essentially an aggregate of horn- 
blende crystals with a little mica and varies considerably in 
texture. The color is a dark greenish black, and portions 
near the contacts are considerably decomposed. Garnets are 
extensively developed in the adjoining gneiss. The '' augen "- 
gneiss appears on the same slope and quite near the dike, 
which has probably branched, as a small isolated outcrop 
occurs by the road side at the top of the hill. The large peg- 
matite vein on A. Hobby's farm {F) is about three-eights of 
a mile southwest of the dike. 

Petrography op the Area. 

'^ Augen'' Gneisn, This consists essentially of orthoclase, 
quartz and biotite. The orthoclase is for the most part pre- 
sent in the shape of " augen'' of varying size, with lenticular 
outline. C-arlsbad twinning is the rule and microcline some- 
times replaces the orthoclase either wholly or in part. •' Micro- 
clinic" structure may however be developed in the orthoclase 
as the result of dynamic action, as it often has a rather in- 
constant appearance.* Alteration to kaolin is noticed but 
not to any great extent. A few quartz inclusions occur 
in the " augen " and wavy extinction is very marked as the 
result of dynamic action. A section of an *' auge " parallel 
t() the twinning plane (No. 11) showed, with reference to the 
basal cleavage, the characteristic small extinction angle (5^- 
7^) of orthoclase. This section also showed a few small 
Carlsbad twins, of the same species, lying parallel to the 
cleavage planes. These inclusions were usually surrounded 

♦A. Harker, Petrology for Students, p. 279. 

J. W. Judd states that ** the great mechanical strains, to which rock- 
forming orthoclases have in some cases been subjected, has frequently 
caused them to assume the external angles, the internal structure and 
optical properties characteristic of microcline." Oeol. Maa, f31 vi 
243, 1889. ^ I J' » 
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by an irregular, narrow border of secondary ijuartz. Another 
section of an "auge" (No. 15), cut in a similar diret-tion, 
showed the same small extinction angle; and evident grano- 
phyre structure was noticed in some of the bounding feldspar 
grains. This "auge" was bent, showed the usual wavy ex- 
tinction and was surrounded by a crushed rim of feldspar and 
({uartz, the former being in excess. Wavy extinction was also 
noticed in some of the quartz grains. 

In one case (No. 13 ) a section of an "auge," perpendicular tfl 
the twinning plane, showed the crystal to be much bent and 
cracked, with the undulatory extinction very marked {Fig, 3) 
and the usual crushed rim of mineral fragments. 




The quartz individuals do not appear as "augen," for in 
the metamorphism that the rock has undergone they seem to 
have been more broken or crushed. In a few cases elongated 
individuals, parallel to the general schietosity. have been 
seen. It is also to be noted that the wavy extinction is less 
marked in the quartz than in the feldspar individuals, which 
seem to have adjusted themselves to the strain. In most cases 
the absence of inclusions in the " augen " is very marked and 
stands in strong contrast to the conditions which exist in the 
gneissic rocks farther south in Westchester Co.* The quartz 
sometimes extends into the ■' uugen," forming corrosion bays 
(No. 6). ■ 
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The shearing force which has produced the "aiigeu" has 
at times pulled off pieces from the ends of the larger lenses, 
thus giving rise to a train of feldspar lenticles extending in a 
direction parallel to the diameter of the lens, as shown in a 
section from No. 9. A good example of the formation of one 
of these smaller lens is shown in Plate IX, Fig. 5. 

The possibility of the "augen'' being true phenocrysts or 
segregations seems to be barred out by the absence of notice- 
able inclusions or secondary enlargements and b}'^ the presence 
of marked wavy extinction. Furthermore the "augen" are in 
nearly every case surrounded by crushed rims. 

The fine-grained (/roundmasn of the rock is composed of 
feldspar, quartz, biotite, muscovite, and in lesser amounts 
apatite, zircon, garnet, hornblende and magnetite. 

Feldsjffir is principally orthoclase, although plagioclase and 
microcline are present. It is usuall}' granular and shows, at 
times in a very marked manner, its derivation from larger 
individuals by crushing. Wavy extinction may be seen in 
most of the larger fragments. At times the microcline is 
evidently paramorphic after orthoclase. Evidence of decom- 
])osition is seen in all three of the varieties of feldspar, but 
has not pro(*eeded far. 

(Juat'fz, in addition to the characteristics mentioned before, 
shows abundant inclusions, the commonest of which are ex- 
ceedingly small and dust-like. They are sometimes arranged 
in strings normal to the schistosity. 

liiotlfe, having the usual appearance and of a brownish 
color, occurs plentifully distributed through the rock, the 
shreds in general lying parallel to the schistosity. 

Muscifn'te is seen in lesser quantity. 

Apfffffe and zircon^ of the usual habit, (»ccur plentifully as 
inclusions and some of the zircons show distinct pleochroism. 

Gurnets, with more or less centrall}' aggregated inclusions 
characterize certain phases of the gneiss. 

Hornblende shreds were seen in a few sections. 

Mfujnefife grains occur sparingly. 

Schists. 

Schists from Nos. 23, 40 and 55, previously mentioned as 
being possibly metamorphic diabase dikes, appear in sections 
to vary somewhat in mineralogical composition and to consist 
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of a granular mixture of fresh hornblende, feldspar, biotite 
and quartz. The feldspar is mostly plagioelase, although 
mieroeline and orthoclase are also present. A few small apa- 
tites were noticed, and also granular titanite, sometimes en- 
closing cores of magnetite, evidently titaniferous. Chlorite 
is present, but rare. A few of the plagioclase grains show 
dynamic action, and the dark ferro-magnesian constituents 
are at times much corroded. 

DioRiTE Dikes. 

Dike at IJf, This intrusive consists normally of a moder- 
ately fine-grained diorite with hornblenfle, much plagioclase 
and some biotite, having a holocrystalline structure. This 
structure may become schistose at times, when a marked in- 
crease in hornblende or even biotite is noticed. The rock also 
assumes a fine-grained phase at points along the edge of the 
dike (Uf). 

Plagioclase^ the important feldspar, is often slightly ka(»- 
linized and rarely shows any wavy extinction. A prominent 
feature is. the universal presence of inclusions, which are 
sometimes so minute as to appear as dust-like masses and at 
other times consist of small dots and rods, often arranged in 
rows of a dozen or more. These various inclusions are almf»st 
identical with those described by the late Prof. Williams in 
the feldspar of norites of the Cortlandt series near Peekskill, 
N. Y.* Rutile needles and hexagonal plates of mica are also 
included. One section (l-4f) showed small needles of an un- 
determined mineral, with inclined extinction, occurring in the 
plagioclase. f 

Some of the plagioclase seems to have formed before the 
hornblende (1-ld), as shown by the inclusions of the former in 
the latter. This reversion of the usual order of crystalliza- 
tion has also been noted by J. F. Kemp in the Cortlandt rocks 
at Rosetown, N. Y.J 

Orthoclase is rarely present. 

Hornblende is very abundant and is usually in the form of 
rather broad plates with corroded outline. The alteration is 

♦Amer. Jour. Sci. (3), xxxi, 26. 

tThese may bo pyroxene microlitcs similar to those noted by J. F. 
Kemp as occurring in the labradorite of the Adirondack anorthositeR. 
Bull. Geol. Sec. Amer., v, 216. 

J Amer. Jour. Sci. (3), xxxvi, 251, 1888. 
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accompanied by bleaching and the separation of magnetite, 
which forms abundant included grains irregularly distribut^^d. 

Biotite is rarely present, although somewhat abundant in 
No. 14g, where it showed intergrowths with hornblende and 
also a few inclusions of the latter mineral, proving that 
the hornblende began to form first but had not ceased before 
the commencement of the biotite crystallization. 

liiUiJe is common in the form of slender needles in the feld- 
spar. 

Apatite, of the usual habit, occurs as inclusions in the feld- 
spar, and a few prismatic crystals of tourmaJint were also 

found. 

Matjnctife is sparingly present, usually as inclusions in thQ 

hornblende. 

Pyroxene, in small granular masses, was seen in one scC' 

tion (14g). 

Tit.anite, zircon and jnjrite are rare, as is als<» interstitinl 
•^juartz. 

Dike at 27. This intrusive varies considerably in texture 
from coarse to fine and also in mineralogical composition. 
The sections, from the more central portions of the outcrop, 
show that the dike consists essentially of a hornblendic rock 
(amphibolite) composed of an aggregate of interlaced horn- 
blende and biotite individuals, both containing plentiful in- 
clusions of magnetite. Towards the edges of the <like the 
rock appears as a mixture of irregular plates and broken frag- 
ments of hornblende, intimately mixed with granular pyroxene 
and titanite with subordinate biotite. The hornblende, in this 
phase, contains inclusions of titanite and granular pyroxene, 
which latter show no connection, in their optical orienta- 
tion, either with respect to themselves or their host. Augit<; 
has also been noticed by J. F. Kemp, both as inclusions in, 
and at the same time surrounding, hornblende crystals, evi- 
dently formed from the latter mineral by resorption.* 

Jfornhlende occurs as the prevailing mineral in lath-shaped 
individuals, broken fragments or shreds. The color is green 
and the mineral exhibits its characteristic absorption and small 
extinction angle. No evidences of uralitization are seen, and 
the before mentioned inclusions are common. 

♦Anier. Jour. Sci. (3), xxxvi, 251, 1888. ~ "^ 
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Hiolitc, of brown color, strong absorption, and cliaractcris- 
tie form occiire in varying aoiounts. 

FeMnpiir is found in grains, «t times showing (tu- [tolysyn- 
thetif! twinning of plagioclase. It shows only slight evidences 
of strain, and occurs as a subordinate mineral, except at 27a 
and 27g along the edges of the dike, where it is the protuinent 
constituent and gives the rock the more normal diorite ap- 
pearance. The axial angle at times is very small, giving 
almost the uniaxial cross of quartz. Deeom posit ion is not 
marked as a rule. 

Pyriixeiii: is present as an accessory mineral in light green- 
ish grains, with its usual large extinetion angle, bright inter- 
ference colors and absence of pleochroism. 

Titant'c is unusually developed in this dike. One very large 
crystal was noticed in 27c (Fig. 4). The crystals, of the com- 
mon wedge-shape habit, are nearly colorless and exhibit 
marked pleochroism. They compare very favorably in size 
with the large yellowish red titanites, seen in the syenite of 
the Planenschen Gnind, Saxony. 

In some cases the titanite appears with cores of titaniferouR 
magnetite. 







Api'lili: is seen in large grains in the basic portions of the 
rock, and in slender hexagonal prisms in the feldspar, for 
which the largcrj^grains might easily he mistaken, except fi)r 
the more marked relief and the uniaxial interference figure. 
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Zircon of the usual typo is found in vcM-y subordinate 
amounts. 

Quartz is notieeahly absent, only appearing in small grains 
in section 27e. 

JiutiJe is practicably absent from this dike, the titaniferous 
mineral being titanite, which is in marked contrast to the 
dike at 14 in which rutile is so abundant. 

The iron ores, magnetite and titaniferous magnetite, are 
found in small grains in varying amounts. At times the maj;- 
netite is plentifully developed in the hornblende and biotite. 
Pyrite is also found. 

Some of the sections of dike 27 bear a resemblance to the 
C'rugers diorite, in which, however, the plagioclase is better 
developed and the hornblende more pleochroic, containing also 
more magnetite inclusions. 

A section of the gneiss (27) near this dike, showed abun- 
dant development of garnet as the result of contact metamor- 
phism ; and a few rather short rutile needles were noticed in 
(^uartz grains in this section. 

Okigin of the *' Au(iEN "-Gneiss. 

A discussion of the. probable origin of the '* augen "-gneiss, 
and the metamorj)hism to which it has been subjected, would 
hardly be complete without reference to the investigations 
and conclusions of other writers, dealing with rocks of simi- 
lar appearance. 

The question of the origin of thegneissic rocks is in general 
more or less obscure. The Fordham gneiss is at present being 
studied by F. J. H. Merrill. The gneisses of the eastern 
Adirondack region give little decisive evidence of their origin, 
while those in the township of Ciouverneur cm the west side, 
investigated by (.'. H. Smyth, Jr., appear to bo derived from 
granitic rocks ; a fact which, as suggested by J. F. Kemp, lends 
support to the theory of the granitic origin of gneisses in 
other regions. The Gouverneur gneiss differs from both the 
Fordham and '' augen "-gneiss on account of the microper- 
thite contained in it. The rock however resembles the •* augen''- 
gneiss slightly in that it sometimes assumes a porphyritic 
phase.* 

The so-called *'augen'' structure in rocks has been noted 
from a number of localities, but in most cases, especially in 

*C. H. Smith, Jr., Trans. N. Y. Acad. Sci., xii, June, 1893. ' 
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this country, the origin seems to have been different from that 
of the Bedford gneiss. 

W. H. Hobbs.* in his paper on the Schists of the Southern 
Berkshires, Mass., states that the large porphyritic feldspars 
are often filled with secondary granophyre and frequently 
show secondary enlargement. These porphyritic feldspars 
are more or less oval in shape and consist of a/ii acid plagio- 
clase. The *'augen" may show no marked evidence of strain, 
except polysynthetic twinning about cracks, and the grano- 
phyre structure seems to give evidence of being secondary and 
not therefore proving the igneous origin of the rock. Second- 
ary enlargement of the feldspars is very common and is re- 
garded as recrystallization of the detrital grains of the clastic 
rock, produced by static metamorphism (pressure, aided by 
heat and mineralizers). 

The importance of the enlargement of mineral fragments in 
clastic rocks as a factor in their alteration by metamorphism 
has been emphasized by Irving and VanHise in their papers 
on the lake Superior region. 

C. L. Whittle,! in his work on the "Dynamic and Metamor- 
phic Phenomena in a Metamorphosed Conglomerate in the 
(ireen Mountains," states that the larger porphyritic crystals 
of albite (^ in. across and simple crystals or once twinned) in 
the chlorite schists at East Clarendon, Vt., were formed as 
secondary minerals by chemical solution and contain plenti- 
ful inclusions. A Assuring or faulting of the large albit^s 
was caused by a second period of mountain building forces. 

In N. H. Winchell's* paper, on the Origin of the Archaean 

Greenstones, mention is made of the fact, reported by G. H. 

Williams, that the feldspars have apparently withstood the 

pressure better than the quartz. The theory advanced by him 

is that the feldspars were produced by the chemical action 

incident to the later dvnamic forces and he calls attention to 

the fact that the feldspar is fresh in the most crushed portions 

of the rock. 
J. E. Woht*,g in his paper on the Metamorphism of Clastic 

Feldspar in Conglomerate Schist, describes porph^^ritic albite 

*Bull. Geol. Soc. Amer., iv, 167. 

tBull. Geol. Soc. Amer., iv, 118. 

tGeol. & Nat. Hist. Surv. Minn., Pt. IL 23cl Ann. R^pt. 

§Bull. Mue. Comp. Zool., xvi, No. 10. 
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grains of variable size which are often twinned in two simple 
halves. They are clear and fresh and contain inclusions. 
The appearance of the clastic grains which have been en- 
larged is also described and the porphyritic development of 
the feldspar seems to be due to secondary enlargement or al- 
most complete recrystallization. 

Wolif* also mentions that the Stamford gneiss, whose ori- 
gin is still doubtful, contains large porphyritic twins of mi- 
crocline. It is evident that in this rock the development of 
the mica, ([uartz and feldspar, parallel to the planes of break- 
ing and sliding, has had a great deal to do with the parallel 
structure; hence it might have been an eruptive granite mod- 
ified by metamorphism, but the field relations point to a de- 
trital origin. An "augen"-gneiss, occurring in Hoosac moun- 
tain, and containing rounded feldspar crystals is also men- 
tioned by Wolff. In this instance the rocks have been crushed 
by great ])ressure, accompanied by shearing action, which 
has formed new feldspar, mica and quartz. 

As further instances of similar structure in rocks, but hav- 
ing an origin more like that of the Bedford ''augend-gneiss, 
may be mentioned the occurrences described by Lehmann in 
his great work on ''Die Entshehung der Altkrystallinischen 
Scliiefer,*' in which there are given numerous examples of the 
production of '*augen" by shearing forces, as illustrated in 
pi. X, fig. r> ; XI, fig. 5, and X.II, figs. \ and 3, the latter espe- 
cially resembling the ''auge'' figured from McDonald's quarry 
(see Plate IX, Fig. 5 of this work). Lehmann states (p.249) that 
the t'tddspars possess a special interest because of the excellent 
manner in which they show the result of pressure in bending, 
splitting, etc. He considers, however, that their surround- 
ings must have been very firm, as only under such conditions 
would the slightlj' pliable feldspars stand bending and stretch- 
ing, and he furthermore thinks that the cracks which they 
show, and which may or may not be filled with foreign mate- 
rial, preclude the possibility of the feldspar having been in a 
fused condition. 

( . ( allawayf has described a mica-gneiss, from the Malvern 
hills, which has resulted from a granite by crushing. The 

*Mon. XXIII, U. S. Geol. Surv. ~" 

+Qnart. Jour. Geol. Soc, xliii, 525, 1887. 
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feldspar, as a result of dynamic action, forms **augen/' which 
are often sheathed by mica. Quartz may also surround the 
feldspar or form wedge-shaped masses. 

A further occurrence of feldspar (orthoclasc) "augen," 
mostly (.'arlsbad twins, has been noted by K. Dathe* from the 
mica-gneiss of the Eulen Gebirge. 

In New York state J. F. Kemp has observed a complete 
transition, due to crushing, from the unchanged Adirondack 
anorthosite to the gneissic form of the same rock, showing 
the abundant development of feldspar "augen,'' which are 
evidently the uncrushed portions."! 

J. G. Goodchild, in his paper on "Augen Structure in Rela- 
tion to the Origin of the Eruptive Rocks and Gneiss/- states 
that it results from either, 1st, the '*augen'' being the un- 
sheared portions, or, 2d, the '*augen," consisting of crystalline 
minerals bright and unfractured, being developed subsequent 
to the shearing. A release of pressure along the shearing 
planes in a rock which is in a state of potential fusion would 
cause fusion and give a chance for the crystals to segregate. J^ 

It is evident that the present porphyritic structure of the 
Bedford rock is not the original one; and, considering care- 
fully the facts mentioned in the previous pages, there is no 
doubt of active dynamic metamorphism having been the 
cause of its alteration. 

As to the previous condition of the rock it may have been 
igneous or detrital. The latter theory, however, seems to be 
precluded by the fact that none of the usual evidences found 
in metamorrphic rocks, indicative of their clastic origin, are 
found in the Bedford ** augen "-gneiss. Such evidences are 
the secondary enlargement of the (juartz or feldspar accom- 
panied, especially in the case of the feldspar, by the presence 
of abundant inclusions; and the appearance of the water- 
worn boundary of the cores, unless recrystallization has been 
complete. 

The tendency to regard it as a metamorphosed igneous rock 
is therefore natural: and if this is so, it must have been 
a rock low in lime, magnesia and iron and high in alka- 

*Zeit9i'hr. d. d. (t(»<»1. Ges., xxxv. 219. 

tLect. Notes on Roekp. S. of Mines Quart., xvii, 158, IHlXi. 

JGeol. Ma^'. (4). i, .Tm, 181M. 
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lies, therefore containing much feldspar, such as a granite or 
aplite. The result of the metaniorphic action seems to have 
been the production of agneissic structure caused by i)ressure, 
together witb a granulation of the minerals resulting from 
shearing, the unsheared portions of the rock remaining as 
" augen." The evidences of this metamorphic action api)ear 
as strains, bending, breaking and wavy extinction in the lar- 
ger individuals, and in the granulation of the other consti- 
tuents. This idea of the origin of " augen " structure based 
entirely on crushing and shearing, seems to be also held by 
Kemp, Callaway, Lehmann and others as already noted. 
There is nothing to prove that the strains in the •' augen '" 
occurred subsequent to the forces which produced the crushed 
groundmass. 

Concerning the porphyritic a8])ect assumed exclusively by 
the feldspar, two theories suggest themselves: 1st, involving 
the idea of segregation advanced by N. H. Winchell and 
J. G. Goodchild, both already mentioned; and, 2d, that the 
quartz being more brittle than the feldspar would crack more 
easily, although it might be urged that the feldspar would 
give way first on the account of its cleavage.* The fu- 
sion point of ([uartz being far above that of orthoclase the 
latter might become softened by the heat, produced by dyna- 
mic action, while the former was still hard and brittle. The 
softened orthoclase would then accommodate itself to tiie 
strain of shearing by being drawn out. 

While this latter theory is at variance with that put forth 
by Lehmann. for the formation of feldspar *• augen" in the 
Saxon granulites, it does not seem quite manifest how a piece 
of feldspar could be pulled out into a lenticular shape with- 
out being first softened (but not necessarily fused). Further- 
more it would not seem that the presence of cracks is a posi- 
tive proof against a former softened condition of the feldspar 

*In this connection it is well to remember that the theoretically per- 
fect cleavajjre of feldspar is often only made apparent, by the rending^ 
effect of grinding, in very thin sections. 
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for these crueke and li^gure^ might be produced by strains 
within the masc incident fo ehrinlmge on cooling.* 

The notable absence of inclusions' in the feldspar "augen" 
would seem to exclude the idea of their formation by segre- 
gation. The presence of granopliyric structure, which has 
been noted in a few cases in the Bedford "aiigen"-gneiss, does 
not throw much iiglit on the genesis of the rock, as granopliy- 
ric structure can no longer be looked upon as necessarily 
denoting igneous origin. (See Hobbs' paper previously 
quoted.) The extreme to which the dynamic aclinn has been 
carried locally is shown by the granitic ))haBe of the rock on 
the southeastern border of the area, where the gneiss hap been 
«o crushed that none of the "augen" are left. 

The origin of the Bedford pegmatite veins is equally inter- 
esting. Pegmatite veins are not at all unusual in other lo- 
<!alitie!-, and are probably much more plentiful than the records 
show. There are many of these occurrences in Westchester 
county, and along the (Connecticut shore of Long Island siiund. 
Feguiatit« veins of great size are mentioned by J. F. Kempf as 
occurring in gneiss near the contacts with gabbro and anor- 
thosite, in the Adirondack region. Granitic and pegmatitic 
veins are also noted by Cross as cutting peculiar schists at 
Salida, Col.* Those which have been described by L. G. 
Westgateg from the New Jersey highlands, are apparently 
considered by him to be igneous. 

Other marked occurrences are at Portland and Branchville, 
Conn.; Dillsboro, N. ('.;|| Brandywine Summit, Pa. :*i^ and 
Klandford, Maes." 

A valuable contribution on the origin of pegmatites has 
just been published by Mr. G. H. Williams in his paper on 

*RegardiiiK the amount of shrinkage in cooling, J. Beckenkamp 
<ZfitBcbr. tur Krvst. u. Min. V, 461, 1S81, \ gives the coefficient of cubical 
expaDBion for orthoclase ae .00129 for 60°C. According to^ this, and 
asxuming the orlhoclase to have been heated to near its fusion jioint, 
viz. about 1200"0., it would shrink about 2.5 per cent, in cooling. This 
would probably bo aufScient to cause " >. - ^ - .- 

Under iMndilioiiwuf i;ri.al T>r'-aKon. fli.. I 
1200»O Itefort- playCicilv i^.ml.l ot-fur. 

tBull. N, Y. Stat,- Mus„ vol. iii, Nnv. 

tProc. Col. Sci. 8oc., Jan., IBKJ. 

gAnn. Rep. N. J. GmI. 8wrv.. 1886. 

IIJ. A, HolmM ~ " '- - ' " 

IRept. ofFrq 

"W.C " 
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*M;enenil Relations of the Granitic Rocks in the Middle At- 
lantic Piedmont Plateau/'* 

In this paper Prof. Williams mentions the theories advanced 
hy ditferent writer?5 and comments on the probable correctness 
of the a(|ueo-igneous origin of pegmatites, as advocated by 
Lehmann, Brogger and others. Regarding the source of the 
material, the lateral secretion process seems to be the one ae- 
cepte<l by most writers for the origin of the material. 

In Marylan<l. where the pegmatites are especially abundant. 
Prof. Williams considers that there are examples of both seg- 
regational and intrusive r>nes. The former are generally lens- 
shaped like many (|uartz veins, which have evidently formed 
in tile same manner, and they also show a l)anding parallel to 
their walls. In the intrusive pegmatites there is no banding, 
the boundaries are sharp and the character of the dike does 
not seem to })ear anv relation to the chemical comiiosition of 
the wall rock. Their structure is usually coarse, but fine- 
grained phases may occur. Their igneous origin is shown by 
the manner in which thev branch and cut across the strike* 
and include fragments of the wall rock. The li<|uidity of the 
rock, as well as the pressure under which it was erupted, is 
inferred from the minute fissures which it sometimes fills. 
Intrusive i)egmatite dikes may be concordant with the folia- 
tion of (he gneiss, on account of their having followed the 
line of least resistance. 

In the case of the Bedford pegmatites it seems hard to con- 
ceive that such coarsely granular masses of quartz, mica and 
feldspar could b<* formed from igneous fusion, or that large 
and comparatively pure masses of quartz, many feet in width, 
should be the result of igneous processes. A hydro-thermal 
origin seems more likely, and the occ'urrence of abundant 
tourmaline also indicates the i)resence of mineralizers. 

A similar theory regarding the origin of the larger veins of 
pegmatite in metamorphic regions has been suggested by J. 
F. Kemp.f who says: '*lt seems improbable that true igneous 
fusion could have aIfor<led such coarsely crj'stalline aggre- 
gates and so we are forced to assume such an abundance c)f 

steam and other vajmrs as to almost if not quite imply solu- 
tion." 

*15th Ann. Kept. Director U. S. Gtrol. Surv., p. G57. 

■•■Lecture Notes on Rocks, S. of Mines Quart., xvii, No. 2, 189(5. 
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The notahk* absence of small crystals of both (juartz and 
feldspar in the Bedford pegmatite would favor a chemiral 
rather than an igneous origin. The occurrence of large or- 
thoclase crystals at South Lyme, Conn., would also indicate a 
chemical origin for the pegmatite veins of that locality, and 
it is not unreasonable to assume a similar origin at the two 
places. One of these large orthoclase crystals from South 
Lyme, collected and described by W. D. Matthew, measured 
5^ by 4^ inches.* 

It will be noticed from the map that the pegmatite veins 
generally occur parallel to the strike of the "augend-gneiss, 
which would be natural if we assume a vein formation, the 
solutirms having followed pre-existing fissures or lines of 
weakness. They also seem to have permeated the wall-rock 
somewhat, thereby causing a gradual transition from the vein 
material proper to the ''augen"-gneiss. In only one instance 
was a sharp contact noticed, see p. 2-43 giving account of L. 
McDonald's quarry. 

The pegmatite veins are evidently of later origin than the 
"augen"-gneiss, for sections of both the granitic and graphic- 
graniti* ty])(» show the minerals to be in their normal condition 
without any signs of dynamic action, which would appear if 
they had been subjected t(» the same metamorphism as the 
surrounding area. 

It seems improbable that the theorv advanced bv (Joodchild 
for the formation of pegmatite veins, namely the release of 
pressure and segregation from a fused mass, could apply to 
the Bedford pegmatites, which show exceedingly coarse struc- 
ture. Goodchild's theory, however, accounts ver}' well for 
the gradual passage of a pegmatite into the surrounding rock. 

That the diorite dikes are intrusives, subsequent to the 
metamorphism of the ''augen^'-gneiss, seems to be proved by 
the fact that the component minerals do not show any marked 
dynamic action, and no proof of the hornblende being parn- 
morphic after augite bas been discovered. 

Miiieniiogical rMhoratovij of Columbia Uiiiversitif, Julf^, isut;. 

♦Contributions from the Min. Dept., Columbia University, vol. vi,. 
No. 2. 
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APPpNDIX. 

THE MINERALS OF THE PEGMATITE VEIN8 AT BEDFOKD, N. Y. 

By Lea McI. LvgcER, Ph. D. 

Aufnnite is found in one small vein in P. A. Kinkel's quar- 
ry. It occurs in littlr, bright, greenish-yellow flakes, between 
the leaves of luica and the more or less open cleavage of the 
feldspar. One fair sized tabular crystal was found, but un- 
fortunately was too much broken to ])ermit of measurements 
being made. The autunite gave satisfactory tests for Tr. and 
P. 

Feldspur occurs in quite lai:ge rather pure masses, or mixed 
with (|uartz. The feldspar in the quarries is principally 
orthoclase, although at times it is largely replaced by miero- 
cline. The color and chemical composition have been already 
given in the preceding article on "Augen"-gneiss. 

No crystals, except the rather incomplete **Augen'' of the 
gneiss, have been discovered in this locality. 

Garnef, of the common tetragonal trisoctahedron form 
(211), 2-2, is found more or less plentifully, especially in the 
-fjuarries belonging to L. McDonald and M. Bureusch. The crys- 
tals occur in little veins in the feldspar or sometimes between 
large plat<-*s of mica, when they have a tabular habit, being 
flattened parallel to two of the trisoctahedron faces. The 
garnets are usually rather small in size and vary in color from 
a dark, reddish-brown to a pinkish-red. At times they are a 
good deal <lecomposed. The dodecahedron form (110), /, w'as 
noticed on one specimen from Kelt's quarry. 

Menaccanite, in the tabular form characteristic of the vari- 
ety washingtonite, occurs sparingly in the large quartz vein 
in P. H. Kinkel's (juarry, associated with tourmaline and 
<|uartz. 

Micd is found in abundance, principally the species musco- 
vite and biotit^; and occurs in more or less distinct veins or 
•coarselj- mixed with feldspar and quartz. 

Muscovite appears in tabular crystals or folia* of varying 
size (sometimes four inches broad), and the smaller crystals 
show the hexagonal type of form. The color varies from a pale 
browish-gray to a light greenish-brown. The axial angle is 
large, as shown by the polari scope. 
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Zf;»i/;/»^ ap|Krars in tabular ht-xa^onal rry-iaU «»r in a jiecul- 
iar blade-like habit, with verv marked I'loniration in nne dire**- 
ti'in. The color is dark grt?eni>h- brown «»r black. The uni- 
axial «'haracter can be seen with the jM>lari>e<"»j>e. 

In **>nie places little gli?itening •^cale^ of a -silvery mica are 
found r»n the feldspar. 

Q»**fi-tz. u^uallv massive, is a vt-rv vNiniini'n mineral in this 
l«»cality and ix'curs in large masses or mixed witii feldspar as 
pegmatite. The color varies fntni white thmucrli shades of 
gray to a very dark smoke color. Ro-e «{uartz i< often met 
with, -orae of a very deep, rich color bfing foun«l at A. Hob- 
by's quarry. A few rather tine smoky «|Uart7 crystals have 
been found at 1*. H. Kinkel's quarry. Thet|uartz shows posi- 
tive evidence of having been formed subsequent to the mica, 
as in some castas beautiful step-like ca<t*» of the mica plate? 
can be seen in the (|uartz. 

TnitnnfiUiii' is very plentiful, espi-rially at V. H. KinkeKs 
quarry. It is black in color, with an t-longated prismatic 
habit, the prism faces showing marked striations. The fol- 
lowing common forms have been observed: 

The trigonal prism (1010), /: the prism «>f the second order 
(1120).'--; the unit rhombohedron (1011). /.': and in one 
case the ? rhombohedron (02'21), — 1\ 

Crystals of large size are found at A. Hobby's quarr^'. but 
no doublv terminated crvstals have as vet been collected. 

• « « 

When tested with the blowpipe the tourmaline gave the boron 
dame, with the boracic acid Itux. and fused rather easily with 
intumescence to a black glass. 

rnmioifc* Two t|uite large specimens of this mineral were 
found in a dump heap in P. II. Kinkel's quarry, very near 
where the autunite occurs. The mineral is black, with pitch- 
like lustre and the characteristic conchoidal fracture of uran- 
inite. The test for l-r. was obtained with the blowpipe. 

rrttHofifr or uranophane occurs as a yellow powder or crust 
on the uraninite. 

A careful but unsuccessful search was made for the rare 
minerals monazite and xenotinie, which have been found in 
the pegmatite on Manhattan island. Mona/ite has also been 

♦Uraninite ban uIho hern noted in a fi*lds]»ar quarry at Middloton, 
CVmn., and a ne^rinatite vein at Branch ville, (\»nn. 



w<.-^ 



1 

\ 

' Phosphate lioik in Tennessee. — Safford. 261 



• described by W. D. Matthew from a pegmatite vein at South 

' r^yiu^i Conn.* 

EXPLANATION OF PLATES. 
Plate VIII. 
Fig. 1. Weathered surface of gneiss showing the **augen." 
Fio. 2. View of a quarry excavation in the great pegmatite vein on 
farm (»f P. H. Kinkel (marked B on map). 
' Plate IX. 

Fig. 5. Lenticular feldspar **auge," showing at the left end smaller 
portion which has been sheared off. 
Fkj. 6. Map of **augen "-gneiss area. 



\ 



A NEW AND IMPORTANT SOURCE OF PHOS- 
PHATE ROCK IN TENNESSEE. 

By Jam EM M. Safford, State (feoloflrij*t. 

Much interest has been created recently in middle Tennes- 
see by the discovery of a new source of available pliosphate 
rock in large (|iiantitie8. This new source is one wholly dif- 
ferent from thilt yielding the now well known rock of Swan 
creek in Lewis and Hickman counties, Tennessee. Thev are 
of very diH'erent geological horizons. The rock of Swan creek 
is Devonian; the one to be described is Trenton. That is a 
true rock itself : this is a residuum after the leaching of a 
rock. The rock is found in workable bodies over a wide area, 
including, it may be, fifteen or twenty square miles of surface. 
In small quantities, in isolated pieces or blocks, washed out 
of the soil, it is found in all the counties of middle Tennessee, 
showing outcrops of the geological horizon to which it be- 
longs, as, for example, in Davidson county iind within the 
very corporate limits of Nashville. 

The centre of the present workings and interest is in the 
town of Mount Pleasjuit, in the southern part of Maury coun- 
ty. Here the phosphate is found, after stripping off the soil, 
in banks from three tr> eight feet in vertical thickness. Half 
21 dozen companies are busily engaged in getting it out. 
From 200 to 800 hands are at work, and where a few weeks 
ago everything was (juiet. now all is bustle and excitement. 

The rock is light yellowish or grayish, of an open, spongy 
structure, and occurs in layers or plates of various thickness 
from an inch to six inches or more. The layers are found 



♦School of Mines Quarterly, vol. xvi, p. 2^*2. 
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regularly or irregularly piled together in great stratified 
masses like walls of masonry, here intact and there more or 
less broken down. Sometimes earthy matter is interlaminated. 
The material is easily ([uarried, picked out in blocks without 
blasting. All the stripping required is the removal of the 
soil. The rock has much the appearance of chert, such as is 
often liberated from cherty limestones by the leaching away 
of the calcaret)us part. This resemblance to chert has led to 
its being passed over without receiving attention. In some 
places, indeed, it is associated with chert, the two usually be- 
ing confounded. 

An analysis, made in Atlanta by Mr. J. M. McCandless, 
gave : 

Calcium PhoHphate (l)one phopphatei USA 

Iron and Alumina 1.50 

Calcium Carbonate' (5.83 

(ither analyses made in Nashville, show the calcium phos- 
phate to range anywhere from (50 to HI per cent., with vary- 
ing percentages of iron oxide and alumina, but usually 
within the limits required. 

Whence comes this phosphate V This involves two ([ues- 
tions. First, whence come the layers of phosphate rock as 
we find them, and secondly, whence the calcium phosphate of 
which they are composed ? 

First, as to the origin of the layers : they are evidentl}'' 
a residuum left after a natural leaching of certain highly 
phosphatic limestones. The leaching has come from the long 
continued action of atmospheric waters upon the limestones, 
the carbonated waters sinking through the soil and. under the 
cover of the soil, dissolving away the calcium carbonate, 
leaving the less soluable layers of phosphate. 

The linu'stones yielding the phosphate are undoubtedly of 
Trenton age. Among the divisions of the Nashville rocks of 
this age we have the following: 

1st. T/te Orthis lii'it. This represents a horizon easily 
recognized throughout the Silurian Basin of Middle Tennes- 
see. The bed is about (50 feet thick. It gets its name from 
the fact that some of its layers are almost wholly made up of 
the shells of Orthis testudinaria. 

:2d. Next above the Orthis bed is the Capitol limestone^ 
a granular, current-formed, and hence laminar liflioatDQe 
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showing cross-stratification. It gets its name from the fact 
that it supplied the rock for the building of the capitol at 
Nashville. Its grains are the fragments of comminuted 
shells, corals, etc., the whole once a drifted calcareous sand; 
hence its laminar structure and cross-stratification. Average 
thickness may be placed at about (>0 feet. 

3d. The Dore Limestone, a series 10 to 12 feet thick of 
mostly a compact, dove-colored limestone. 

4th. Upon the Dove lies another division 28 feet thick, 
recently designated the Ward Limestone, Parts of this are 
much like the Capitol, laminated and showing current action. 

All of these are more or less phosphatic. but it is the Capi- 
tol division or horizon winch is the great source of the phos- 
phate Parts of this limestone show upon analysis from 15 to 
25 per cent, of phosphate, the dark lines marking the lamina- 
tion of the rock being especially rich. Throughout middle 
Tennessee, wherever the limestone has been subjected to the 
proper leaching conditions, residual fragments of phosphate 
may be found, the pieces often looking like sandstone, or like 
porous chert. About Mt. Pleasant the original limestone 
appears to have been especially rich in phosphate, though 
other localities may be discovered as good. 

The Orthis bed lies under the masses of the leached out 
phosphate, and its outcrops, rich in Orthis shells, are a guide 
to them. 

Thf Ward division, tiie 4th of die series above, also yields 
locally noteworthy <juantities of phosphate, as does also the 
upi)er part of the Orthis bed. 

As to (►ri'^in of the phosphate in the original limestone, I 
can say hut little. No theory pres(^nts itself that is satisfac- 
tory. A few specimens of Lingula and a few forms of shells 
allied to Cyelora have been observed to why?h may be added 
forms referable to conodonts. What a micr()s<»opical exam- 
ination will revival remains to be s(?en. The pn^sence, accu- 
mulation and sorting of th<» phosphate would appear to have 
something to do with the currents that existed in the ocean 
when the matter of the rocks was undergoing deposition. 
We have said that the dark lines marking the lamination of 
the rock and due to the currents are especially rich in i)hos- 
phate. These lines or seams, sometimes half an inch thick. 
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are seen on a dressed or weathered surface of the rock and 
are usually verj rich in phosphate, often to the extent of 50 
per cent, and more. 

These masses of phosphate, like other residua, such a* 
chert, etc., show the great effects of the long continued leach> 
ing of the rocks, by atmospheric and aqueous agencies, in 
this southern non-glaciated region. 



REVIEW OF RECENT GEOLOGICAL 

LIT ERAT URE. . 

Ein neuenldecfcteH Wtrkommen t^on Tremadoc FossUien Itei Hof^ 
By Dr. J. F. Pompeckj in Mflnchen. In this paf)er Dr. Pompeckj gives 
an account of a newly discovered occurrence of foRHils of Tromadoc age 
near Hof . The fauna of Hof was described many years ago by Bar- 
rande, and many of its trilobites referred by him to the genus Cono- 
cephalitcs. Since h'n descriptions were written several genera have 
been taken from this extensive genus, and Dr. Pompeckj*8 article is 
useful as showing hjw he refors the foruis (or at least a number of 
thcmj which were piacc^d in Omoccphalites by the distinguished French 
pjila^ontologist. Conocephalifes i?) mivuHteri, C. qxuiesitus and Cnlijmne 
tristeni var. Intvarica are all included in Bavarilla hofensis, and Con- 
(pcepJudites bavarieuH is removed to EHcelocephalus (?) Oonocephalitei^ 
inmitatus and C, dhcivpans are transferred to Niobe. 

In the cystidians ind brachiopods we also note changes of genera. 
Cyntidea bararica becomes Macrocystella iHivarica and Lingula iiicohana- 
is called AcmtJiele incohans. The other Ldngulas and Discinas remain 
gen?rically as Barrande placed them. 

'In giving criteria for distinguiabing Cambrian from Silurian faunas he 
refers Conocephalites and Olenus (as used by Barrande) Euloma, Bavar- 
illa and liichapyge to the former: Asaphus, Calymne, Lichas, Niobe, 
Amphi(m and Chirurus to the latter. 

Dr. Pompeckj criticises a number of genera and sub-genera, proposed 
by M unier-Chalroas and Bergeron and compares them to Scandinavian 
and Grerman forms.. 

The article closes with a de8crii)tion of the geological section at 
Neuhof, near Hof, where these fossils were found, prepared by Aug. 
Moroff. o. F. M. 

Ulnn' die BnichiopiHlengiittnng Obolus, Eichwald. By Auijust 
MicHwiTz. This is an excellent and vory comprehensive memoir on an 
important Cambrian (and Silurian) genus hitherto not fully understood. 
The work opens with a citation of authors who have written on the 
genus: a description is then given of the CamVirian terrain around the 
Baltic sea, and of the rnetlud followed in preparing the fossils. 
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A very full descriptioD is ^ven of the outer and inner characters of 
the shells of this genub, and among other points it is to be noted that 
ObolitH quenstedti (the reference of which toObolushas been questioned 
by Hall and others) is accepted as a true and oven typical example of 
the genus, being rated as a variety of O. apollinis. The genus Obolus 
is thus compare<l with Lingula and Obolella. 

A full description of the different species of Obolus, as unclerstood by 
Michwitz, is then given and several new Piiecies and varieties described. 
The following is the arrangement: 

Sub-genus Euobolus (n. s. g.) contains Obolus apollinis with three 
varieties, O. triangularis (n. sp.) and one variety, O. panderi, O. 
scbmiitti, O. eichwaldi O, valborthi, O. elegans. 

Sub-geuus ScHMiDTiA (Volb. gen.) contains O. celatus Volb., and two 
varieties, O. ohtnaus (n. pp.) and pix varieties, O. acuminatus (n. sp.) 
and three varieties, O. cransus (n. sp.j and one variety. 

Sub-genus Thysanotus (n. s. g.) contains O. silurieus Eichw. 

Sub-genus Leptunbolon (n. s. g.) has O. linguaformis (n. sp.) and one 
variety. 

Sub-genus Acrftes (Volb. gen.) has O. antiquissimus and one vari- 
ety. 

This extensive and important work (216 pages, 4-to) is illustrated with 
three tables of finely executed figures, and seven cuts. g. f. m. 

Th£ Geological Structure of the Extra- Australian Art€si€in Btisins, 
By A. GiBB Maitland. (Extr. from Proc. Roy. Soc., Queensland, vol. 
XII.) This paper, by the assistant geologist of the Geological Survey of 
Queensland, is devoted to an account of the artesian basins of the 
United States. The numerous quotations relate, naturally, to the west- 
ern regions, the arid regions of Wyoming, the Dakotas, and northwest- 
ern Texas. At the same time some reference is made to the New Jersey 
artesian wells, and others of the Atlantic coastal plain. There are no 
original obai^rvations, the object of the paper being to review, for con- 
venient reference by Australian students of artesian waters, what has 
been accomplished outside the Island Continent. j. f. j. 



PERSONAL AND SCIENTIFIC NEWS. 

Joseph Le Conte sailed from New York on September 2d 
for Soutiiampton. 

Mk. H. F. Bain, Assistant State Geologist of Iowa, spent 
thr€»e weeks in September in northern Minnesota, in connec- 
tion with a party of the Minnesota survey, who were review- 
ing some points of structural geologj in the Archean and in 
the Animikie. 



266 The American Geologist. Octobt-r. i?** 

TifK Amkkkax Ix??TiTrTE OF MixiXG EKGiyEKR> m»*t in 
I>f-iiver on Sept^riiiber 21st for its !?eventt-fir»ft met'tinjr. A 
large number of paper* were presented, the following of whiHi 
were more ^'^jK-cially devoted to geoloiry : 

Gold ill ffranit*' and plutonic rocks. \V. P. Blakf. 

Hapid H**<:tion work in horiz<^>Dtal nx-ks, M. R. CainjffHfll. 

Faultin^iind arc'oinpanyinff featureH observeil in glacial jrravel and 
Hand in S'iiJtb'-rn Michif^an. (.'nrl Hen rich. 

TrHr*-s of organic remains from theHuronian i?i series at Iron Muun 
tain. Mieh.. \V. .S. <ir*Kh:y. 

Maifn**ti«: obwrvation in trr-oloKical mapping. H. L. Smyth. 

ArroKDixo to Mk. L. S. Gkiswold (Bos. Soe. Nat. Hist.. 
May 14, l^iiij). the basin of the lower Mississippi did not exist 
until th«* elose f»f Cretaceous time. The fold of the Appala- 
chian Mts. swung westward as a land barrier until pene- 
plained in Cretaceous time, and the waters of the upper Mis- 
Hisj'ippi valley were emptied into a Permian and Mesozoic sea 
which existed toward th^ west. The post-Cretaceous elevation 
of the continent witnessed the extension of the river course 
toward the south instead of toward the west. 

Mi(. f.KWis (;. Wkstoatk, in a report on the geology of the 
northern part of Jenny Jump mountain, in Warn-n county, 
N. J. (Report of the State Geologist for 1895). concludes that 
the white rrvstalline linu^stones of that countv, and inl'eren- 
tially of Su><ex county, are not of the same age as the blue 
lime>.ton^>, but are prc-Catnbrian, for the following reasons: 

1. They dilfer lithologically from the blue linjcstone in 
being thoroughly crystalline and in containing large amounts 
of acce«sory metamorphic minerals. 

2. 'I'hry are intimately associated with and apparently 
interbedded with th«^ older gneisses, and gneisses occur also 
inti'rbedded in the limestones. 

.'{. Thev show no intimate association in areal distribution 
with th(; blue limestone, nor any tendency to grade into it. 

1. The metamorphic changes to which the %vhite lime- 
stones have been subjected are general in their nature, and 
not due to the action of the eruptives by which they are cut, 
HO that no sutlbdent agent is at hand to account for the sup- 
posed change fronj blue into white limestone. 

The only apparent defect in the reasoning of Mr. Wcstgate 
seems to ))(• in the assumption that the gneisses associnl<*d 
clos(»ly with tht; white limestones are pre-Cambrian. Further 
northeast, along the Appalachian fold are similar gneisses 
interstratilied with a white limestone which is of (.'aiiibrian 
age (if not later) as proved by discovered fossils. We refer 
to the Stockbriilge limestone and its extension southward to 
the New Jersc'V state line. There is no known reason for its 
termination at Sussex county, nor Warren county. 
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THE ARLINGTON IRON-MINNESOTA NO. 2. 

N. H. WiNCHBLL, Minneapoliii. 
(Plate X.) 

This iron was found on the farm of Jos. Barry, Sr., two and 
a half miles northeast of Arlington, in Sibley county, MiAn., 
in March, 1894. It was from the first suspected of being me- 
teoric, but was not examined with care until the spring of 
1896. A small piece having been broken off and submitted 
to Mr. Buck, of Arlington, it was forwariied to the writer for 
examination, after which the whole specimen was procured 
for the museum of the State University, where it is now pre- 
served. The weight of the entire piece was 19| lbs. The 
following statement was given by W. J. McLeod, Esq., son-in- 
law of Mr. Barry : 

Found in Sibley Co., Minn., on the farm of Joseph Barry, Sr., two 
and a half miles northeast of Arlington, in March, 1894. As it was 
found on a field that had long previous been cultivated, in the rich 
black soil and far from any highway, in a level country free from stone, 
it is confidently believed by the owners to be a meteor and the boy who 
found it, Joe Barry, Jr., expects it has some value as a curiosity. 

Pour and one-half pounds were broken by a sledge hammer from one 
corner, previous to which it was somewhat heart-shaped. The missing 
prong from this break was a precise counterpart in shape to the re- 
maining one. 
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The following figure, (fig. 1) reduced to one- third the nat- 
ural size, ehows the shape of this iron, and the average thick- 
ness is about i inch. The upper (convex) surface is tolerably 
smooth, but has an indistinct, pock-marked aspect, due appa- 
rently to an int-ernal crystalline structure, or to variation in the 
relative amounts of the ingredients. The lower surface, which 
is about a plane, is, however, curiously pitted aiid rough. 
Some of the pits are so deep as to nearly pierce the specimen. 
They are smooth, and conico- thimble shaped. This surface 
has, moreover, a thin scale, or rust, which suggests a mete- 




Fio. 1. 
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oric crust. This scale is best preserved in the depressions. 
The general appearance of the whole piece is that of a refuse 
piece of iron from a furnacf. < 

On polishing a small portion of the upper surface and ap- 
plying dilute nitric acid for a short time, the characteristid 
crystalline structure becomes beautifully expressed. Plate 
X, fig. 2, shows an etched surface, enlarged by photography 
two diameters. The rectangular figure in the lower portion oi 
the plate, fig. 3, represents a portion, still further enlarged 
two diameters, taken from the etched surface at the. place 
shown on the photograph. 

Throughout the et<*.hed surface sharp ridges stand op^ thus 
outlining the coarse Widmanstattian structure. The8^eJeva-> 
tions, represented by the dark lining in both figured of plate 
X consist of some composition difi^erent from the depressions' 
between them, for they not only resist the acid but they do 
not show the bright iron reflections that prevail in the depres- 
sions. These ridges are not entirely persistent and eontinu- 
ous, but disappear suddenly and rise again. 

Between these long ridges the surface has, after etching, tf 
brilliant metallic iron lustre, which is due to the refleetion of 
light from crystalline lamellie. These lamellae are apparentljf 
cleavages that are in the Widmanstattian band's and they 
stand at difi^erent angles in different bands. They show that 
the bands themselves are crystalline throughout tn^ir sub- 
stance. For instance, when placed in the direct sunlight the 
position at which the lamellae marked at a are most Illumin- 
ated by reflection is about 45 degrees different from that in 
which the rest of the long lamellae are illuminated; That 
system of coarse lamelhe which is in the lower left hand cor- 
ner of figure 3, in like manner consists of two derieli. The 
broader upper band reflects light in a position at an angle of 
90® Hr from that at which the rest of the associated lamellae 
reflect it. The same fact is observable in other part«l of the 
etched surface. 

These fine lamellae, however, which might be called cleav- 
ages, and which characterize the metallic depreesions, are' 
crossed by a fine striation wholly independent of th4( lon^ 
Widmanstattian structure. This striation is 8ho%ti in tM 
photograph and in the enlargement. In moftt 6f these 
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knetalliOifturfaces thi? striation runs in the same direction, 
but in the. bands at a it is at a different angle with the 
grand structure. This striation, in like manner, consists of 
dark ridges separating metallic grooves. They seem to difPer 
from the coarse structure only in being much finer. Thus 
this iron has not only a coarse Widmanstattian crystallization, 
each band being, as it were, an individual crystal, but it has 
what might be considered a fine cleavage and a minute inter- 
nal structure, which, throughout the separate crystals, main- 
t-ains its direction and individuality. 

These finer markings suggest those described by J. Law- 
rence Smith and named Laphamite marks,* but they seem to 
differ«from them in an important manner, if they be compared 
with the description published by Smith, yet there is no doubt 
that they both are due to a fine internal structure of the iron 
itself. iTbe reflecting cleavages do not indicate any variation 
in the composition of the iron and are more likely to represent 
the markirigs noted by Dr. Smith, but the dark elevated 
ridges, both coarse and fine, are apparently of a different 
chemical composition. 
. An anf^lys.is was made by F. F. Sharpless, and the following 

w.afl the result : 

. , • AnaXyais of the Arlington Iron. 

Sulpliur Done 

Silicon none 

Manganese none 

Chromium trace 

Copper trace 

Carbon (combined) trace 

Iron.'... 90.781 

Nickel 8.005 

Cobalt 1.023 

Phosphorus 0.045 

100.454 

Mr. Sharpless adds : 

The onl^ way in which I can account for the excess over 100 per cent. 
is that the composition does not appear to be uniform. Four deterrai 
nations were made for iron, giving results varying from 00.58 per cent, 
to 91.74 per cent. In the attempt to make a carbon determination tlip 
variation in composition was also noticed. Of three samples, weighing 
about three grammes each, treated with potassium -copper chloride, ontj. 

♦Am. Jour. Sci. (2), xlvii, 271; ibid. (3), x, 351. 
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sample gave a particle of carbon much larger than a pin-head, one sam- 
ple gave two small specks, while the third dissolved without giving a 
trace of carbon. When treated with hydrochloric acid all samplesy 
with the exception of one, dissolved without giving evidence of com- 
bined carbon: this one sample gave a very strong odor resembling that 
given off when dissolving steel in hydrochloric acid. 

About three grammes were used in making the tests for the metal's 
noted as *' none " or ** trace,'* or sufficient to be sure that the results 
given are very nearly correct. 

This supposed variation in composition is in keeping with 
the spotted appearance of the weathered convex surface of the 
specimen. 



THE AGE OF THE CALIFORNIA COAST RANGES. 

H. W. Fairbanks, Berkeley, Cal. 

In a recent paper devoted to a criticism of the theory of 
isostasy Mr. F. Leslie Ransome* treats of the subject as ex- 
emplified in the formation of the Great Valley of California. 
He reaches the conclusion that the principle of isostasy is 
insufficient to account for the formation of this valley ^nd 
the Coast ranges bounding it on the west. 

It seems to the writer that the evidences given in the above 
paper in favor of the view taken are well suppprted by the 
facts, and he is in hearty accord with the main iconclusions, 
but the discussion of the history of the Coast rapges as inti- 
mately related to this question could have been made much 
more effective, and have strengthened Mr. Ransome's position 
materially, if he had taken pains to acquaint himself more 
fully with the recent literature bearing on the geological his- 
tory of the Coast ranges. 

The writer agrees with Mr. Ransome that the* history of 
these ranges is as yet very imperfectly known, but neverthe- 
less, a large mass of facts has been accumulated bearing upon 
it which are diametrically opposed to the assumption which 
he makes of a post-Miocene age. That the Coast ranges 
originated at the close of the Miocene is the opinion which 
was held by the older geologists, but since their time there 
has been a great increase in our knowledge of this field, and 
we now have good reasons for believing that the structure and 
history of the Coast ranges are not so simple, nor the date of 

*Bull. Dept. Geol. Univ. Cal. vol. i, pp. 371-428. ^ 
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l^he formation of its axis as a whole, so recent as was formerly 
supposed. In the light of our present knowledge a return to 
the earlier opinion is very surprising. 

The statements in Mr. Ransome's paper to which the writer 
wishes to call especial attention and to which there are the 
fnost weighty objections are the following : 

**It is very doubtful whether anything at all comparable with the 

present valley existed during Cretaceous times At Paskenta on the 

^est sid^ of the Sacramento valley there is a great thickness of Greta - 
peous strata exposed, dipping steeply toward the valley. Mr. Diller re- 
ferring to these strata, speaks of over 20,000 feet of sediments (Shasta- 
Chico series) being laid down in the Sacramento valley, but he probably 
hardly means to convey the impression that there was then any distinct 
valley. No such thickness of Cretaceous rocks is found on the eastern 
or Sierra Nevada side of the valley, and we should rather suppose that 
.|he sediments observed at Paskenta thin out under the present valley, 
and that their greatest thickness, and therefore the deepest depression 
in which the Cretaceous sedimentary lense was being deposited, was 
either at the above named place or even at some place west of it, over 
the site of the present Coast ranges. In the latter case the strata have 
probably been largely removed by denudation. Throughout the Coast 
ranges the Cretaceous strata are so widely spread, and so considerable 
in volume, as to indicate that the region occupied by these mountains 
was not only submerged at that time, but was probably more deeply 
submerged than was the area of the present Great Valley. 

During the Eocene (Tejon), according to Mr. Diller. northern Califor- 
nia and a large part of Oregon were above sea and being degraded, no 
£ocene deposits being known in California above the 40th parallel. 
There was probably a gradual subsidence, as shown by the thinning 
out of the Tejon northward in California. But so much being granted, 
there is nothing to indicate that any step had been taken toward the 
initiation of the upper Sacramento Valley, while to the south of the 
40th parallel the probabilities are that the sea had an almost or wholly 
unbroken sweep across the area now occupied by the Coast ranges and 

the Great Valley It is possible that with further knowledge of the 

mountain ranges inclosing the Great Valley we may be able to trace in 
Miocene times the first faint boundaries of the whole or part of the 
valley as known to us to-day, but at the present time we must agree 
substantially with Antisell in considering that 'probably during the 
whole of the Miocene the Coast range was altogether beneath the sea- 
level,' and take up its history at a point subsequent to that time. 

The occurrence of a great orogenic disturbance at the close of the 
Miocene, giving birth to the Coast ranges as a connected mountain 
phain, appears to be one of the best established facts in the geology of 
California. From that disturbance dates the history of the Great Val- 
ley According to the U. S. Greological Survey the Great Valley was 

probably occupied during the whole of the Neocene by a gulf, connect 
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ing with the ocean by one or more sounds across the Coast ranges, — 
which is in general harmony with the foregoing — It will be seen from 
the foregoing that up to the beginning of the Pleistocene, the area now 
occupied by the Great Valley was at no time the theatre of particularly 
heavy sedimentation or active subsidence. There is evidence that dur- 
ing the Cretaceous and Miocene the heaviest sediments and deepest 
depressions lay to the west of the present valley, and along the line now 
occupied by the Coast ranges." 

It Beems also that a similar view has recently been ex- 
pressed by Prof. Law8on*a8 the following quotation will show. 

**The granites of the southern and northern Coast ranges seem to be 
geologically continuous with those of the Sierra Nevada. The fact 
that the Sierras are separated from the Coast ranges by the valley of 
California is immaterial to the discussion, since the latter is clearly a 
delta-filled geo-syncline of late Tertiary or post-Tertiary origin." 

We will first take up a consideration of these statements 
and then proceed to show the evidence for the existence of a 
Coast range axis undergoing oscillations not only through 
the whole of the Cenozoic but also the greater part of the 
Mesozoic. 

An examination of the Great Valley reveals the fact that 
while the post-Jurassic sedimentary terranes along the foot 
of the Sierras are not greatly elevated or prominently exposed, 
there is found on the contrary on the eastern flanks of the 
Coast ranges a great thickness of sedimentary strata var3Mng 
in age from the lower Cretaceous up through the Miocene. 
These have been greatly elevated and dip under the valley at 
varying angles. Although there is only one spot (Marysville 
butt^s) where any of them are exposed in the centre of the 
valley, yet all considerations lead us to believe that the great- 
er portion of the region which is now embraced within the 
Great Valley has been subject to continuous sedimentation 
from Cretaceous times down through the Miocene, and proba- 
bly at intervals through the Pliocene. The writer does not 
know of any reasons for doubting that this condition of things 
obtained in the Great Valley during the period mentioned. 
But what of the Coast Ranges? Were they non-existent prior 
to the Miocene as the authors quoted would have us believe, 
with an open sea bathing the base of the Sierra Nevadas, or 
are there good evidences of a northwest and southeast land 
barrier through the Coast Range region which was probably 

♦American Geoloqist, vol. xv. p. 346. 
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then and is still related to the mountains of southern Califor- 
nia? If it can be shown that the different aggregates of 
strata occurring there, and representing the main geological 
divisions from the Jurassic, or even earlier, are separated 
from each other by non-conformities, there are then the most 
excellent reasons for believing that, in marked contrast to the 
Great Valley which was probably continuously beneath the 
sea, the Coast Range region has been subject to repeated axial 
elevations and depressions, now above the sea, now more or 
less submerged. We must not think of these movements as 
of a uniform character, affecting all parts alike, but while 
orogenic, or even epeirogenic in extent they were also locally 
intensified. 

In all probability the sag once inaugurated between the 
two great ranges constituting what has been termed the 
Great Valley has never been structurally obliterated. 

Nothing is clearer in the study of the Coast ranges than 
that there have been enormous movements of the coast as a 
whole, as well as differential movements of large magnitude, 
whereby new local ranges have been formed by the side of 
more ancient ones without greatly affecting them. 

The supposition which Jjir. Ransome advances concerning 
the possibility of the Cretaceous sediments having been depos- 
ited in greatest thickness over the region now occupied by 
the summit of the Coast ranges is hardly supported by the 
facts. It is possible that the sediments may once have 
mantled over a portion of what is now the Coast ranges west 
of Colusa county, but it is quite certain that the region 
toward the coast was above wat«r because of the entire ab- 
sence of the lower Cretaceous and the fact that the Wallala 
beds rest directly on the Golden Gate series with a basal con- 
glomerate. 

The statement in the quotation from Mr. Ransome that Mr. 
Diller probably hardly means to convey the impression that 
there was any distinct valley during the Shasta-Chico depo- 
sition is rather strange in the light of the following quotation 
from the same paper of Mr. Diller* where in speaking of 
the view held by Fairbanks that the Coast ranges and the 
Sierras were upheaved at the close of the Jurassic he says: 

. ♦Bull. Geol. See. Am. vol. v, p. 455. 
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**There is evidence favoring the same conclusion in that the thickness 
of the Shasta-Chico series diminishes westward from the Sacramento 
valley into the Coast range, as it does eastward to the base of the Sierra 
Nevada.— The thinning out of the Shasta-Chico series westward from 
the Sacramento valley shows that the Coast range was uplifted at the 
close of the Jurassic, when the Sierra Nevada received its final folding 
and the Great Valley of California was outlined thereby. It cannot yet 
be definitely concluded that the Coast range and the Sacramento valley 
originated at the close of the Jurassic ; their beginnings may date from 
earlier foldings; but whatever the date of inception, it is evident that 
during the Shasta-Chico period the Coast range existed, but did not 
furnish sufficient obstruction to keep the open sea out of the Sacra- 
mento valley, for the fossils of that period are everywhere purely 
marine.'* 

Although the Cretaceous is found at widely separated points 
through the central Coast ranges there is every reason to be- 
lieve that much of the region was above water through not 
only the Cretaceous, but also the Eocene. If the Coast ranges 
originated as late as the close of the Miocene how is it possi- 
ble to explain the fact that in different portions the strata 
of this age rest unconformably on either the Tejon, Chico, 
Knoxville, Golden Gate series, or the crystalline basement 
rocks, as the case may be? While all the main geological di- 
visions from the Jurassic down appear in the Coast ranges 
they are all rarely present in a single locality. 

The quotation given by Mr. Ransome from Antisell shows 
the limited knowledge of his day, for a little farther along he 
says that the earliest strata brought to light by the Tertiary 
elevation are of Miocene age. 

It is difficult to see the harmony which is stated to exist 
(p. 38Q) between the quotation from the U. S. Geological Sur- 
vey to the efi'ect that during the Miocene the Great Valley 
was occupied by a gulf, connecting with the ocean by sounds 
through the Coast ranges, and the statement by Mr. Ransome 
that *'the Coast ranges were altogether beneath. the ocean, 
deeper submerged in fact than what is now the Great Valley." 

As a true conception of the age of the Coast ranges, as well 
as of the many oscillations of level recorded by their strata, 
is of the utmost importance for California geology it seems 
best to restate briefly what is at present known bearing on 
this subject. 
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In discussing the geological history of the Coast ranges, or 
of any mountains for that matter, it is very necessary to keep 
in mind the fact that the mere accident of level at which the 
sea stands has no real bearing upon the significance of corru- 
gations on the earth's crust. A mountain range is the result 
of certain structural conditions of the crust and must be con- 
sidered, at least from the point of view of this discussion, as 
such, whether totally submerged, whether partly so or wholly 
above the sea. 

Dall and Harris* have made the following observation con- 
cerning the more recent disturbances in the Coast ranges: 

**The fluctuations and chan^os of level which have characterized the 
coast of this region since the beginning of the Neozoic, as the fossils 
prove, can hardly be realized except by the observer in the field, and 
any attempt at description would read like the vagaries of a vivid imag- 
ination.'* 

Prof. Lawsonf has also emphasized this same idea in the 
following words : 

"From the earliest condition of which we have any record revolution 
has followed so closely on the heels of revolution, and each has effected 
such radical changes in the preceding set of conditions, that it becomes 
clear that the term "event'* can only be used by reason of its conven- 
ience, and that what we call events are but the culminating phases in a 
wave of diastrophic action which seems never to have ceased.** 

The more we study the geological history of this region the 
more we are impressed with its exceeding complexity. 

Fre-Juraasic Complex, The pre- Jurassic basement rocks 
comprise granite, crystalline schists and marble. They extend 
from Bodega head on the coast of Sonoma county in a south- 
easterly direction, though not outcropping continuously, and 
probably join the older rocks of the San Emedio mountains. 
No remnants of uncrystalline strata are associated with this 
complex, audit must be admitted that through some long pro- 
tracted interval antedating the Jurassic these rocks formed 
an elevated mountain range exposed to erosion. 

Upper Jurassic. Resting on these ancient crystallines and 
underlying nearly the whole of the region of the Coast ranges 
south and west of the Klamath mountains, is a series of rocks 
to which the writer has given the name of the Golden Gate 
series. J Accumulating facts point to the truth of the view 

'. *Buli. 84, U. 8. Geol. Surv., p. 198. 
^XV Annual Report, U. S. Geol. Surv., p. 465. 
iJournal of Geology, vol. in, p. 416. 
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first advanced in 1892, th^t the first great upheaval of the 
Coast ranges to form a system of mountains having propor- 
tions anything like those of the present day was synchronous 
with the post-Jurassic upheaval in the Sierra Nevadas and 
Klamath mountains. 

The source of the sediments constituting this series was, in 
the central Coast ranges at least, the pre-existing granite 
axis. Along the coastal slope of the Santa Lucia mountains 
in Monterey county conglomerates outcrop at the base for a 
distance of nearly eight miles. Recent observations have 
shown that similar beds occur along the Sur river. At Point 
San Pedro and on the north side of Montara mountain, as 
first described by Lawson* and Ashley,f is a series of rocks 
which in the writer's opinion are of the same age as those in 
Monterey coqnty. The latter also rest against the granite 
with a basal conglomerate. A large part of the boulders and 
pebbles of all three occurrences are derived from the rocks on 
which they rest. These facts are sufficient to establish the 
existence of a pre-Jurassic land area in the region under dis- 
cussion. 

Lower Cretaceoun, The Knoxville beds have been detected 
in the Coast ranges from Santa Barbara county on the south 
to Tehama on the north. They rest unconformably on the 
older and more metamorphosed Golden Gate series, which in 
marked contrast has undergone much more violent disturb- 
ances, so that its structure is in many cases most difficult of 
elucidation. The writer feels assured that the reality of this 
non-conformity cannot be doubted by any one who will take 
the pains to examine the relation shown in different areas 
previously described, or in fact in any section of the Coast 
ranges where the two series of beds come in contact. 

Accepting the present classification of the Cretaceous, the 
Golden Gate series belongs in the Jurassic and probably in its 
upper portion. Before the deposition of the Knoxville it had 
been lifted above water and subjected to erosion through the 
whole area of the Coast ranges. So complex have been the 
movements in this region that it is rather difficult to form an 
idea of the geography during the Knoxville period. The 

'''American Geologist, vol. xv, June, 1896. 
u t Journal of Greology, vol. iii, p. 435. 
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remnants of tbe^e beds yet remaining indicate that a part of 
the region was then depressed beneath the sea. Basal con- 
glomerates as extensive as those in the Golden Gate series 
have not been found, although Diller* describes local conglorar 
erates and coarse sandstone at the base of the Knoxville in 
northern. California, while the writer has observed the same 
thing at and near the base of the beds of this age in San Luis 
Obispo county. The distribution of the Knoxville, as well as 
the fact that at many points the Chico rests directly on the 
Golden Gate series, is good evidence that the whole of the area 
of the present Coast ranges was not submerged. 

Chico, While a general subsidence through the Shasta- 
Chico period of deposition is shown by Messrs. Diller and 
Stanton for northern California and Oregon, it is quite clear 
that, through the central Coast ranges, at least, a strati- 
graphic break is discernible. In the Chico^ sandstone predom- 
inates in many places, while in the Knoxville, shale is the most 
characteristic. In portions of the southern Coast ranges the 
Chico contains vast beds of conglomerates. In the upper 
portion of the Sisquoc canon, in northern Santa Barbara 
county, granite boulders, sometimes nearly two feet in diam- 
eter, occur in these beds. Along the lower portion of the 
Cuyamas valley cliffs facing the river and rising several hun- 
dred feet are formed largely of conglomerates. Farther north 
the conglomerates rest on the granite of the San Jose range. 
It seems probable that this range extended to the San Emedio 
mountains during the Chico and that the conglomerates were 
formed near a shore line. In central Santa Barbara county 
there is an extensive body of conglomerate hundreds of feet 
thick which appears in form the dividing line between the 
Knoxville and the Chico. Farther north the basal portion of 
the Chico consists of sandstone, which rests unconformably 
on either the Knoxville or the Golden Gate series. Diller has 
noted similar conglomerates at the base of the Chico in north- 
ern California and considers that they may be due to topo- 
graphic changes resulting from the intrusion of the perido- 
tites. We have clear evidence then of extensive land areas in 
the Coast ranges during the upper Cretaceous. 

♦Bull. Greol. See. Am., vol. v, p. 463. 
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Kocene. The Tejon beds have generally been considered as 
conformable upon the Chico. In Oregon Mr. Diller* has 
shown that a break exists, the underlying Shasta-Chico series 
being much more disturbed. There are evidences however 
through the central Coast ranges of a stratigraphic break, for 
while the Tejon occurs only sparingly the Chico is widely dis- 
tributed. Should a break be demonstrated it is indicative of 
an upward movement of the region, leaving much more of 
the land above water during the Tejon than the Chico. 

The northernmost known occurrence of the Tejon in the 
Coast ranges is about Clear lake. From Mt. Diablo south- 
ward it is well developed on the eastern flank of the Coast- 
ranges and at several points near the coast-line. It is devel- 
oped in greatest ext<^nt in northern Ventura and eastern San- 
ta Barbara counties. On Carmello bay there are bodies of 
sandstone and conglomerate, the latter consisting partly of 
pebbles of the granite on which it rests.- It is referred pro- 
visionally by Lawsonf to the Tejon. A similar sandstone has 
been observed south of Point San Pedfo by the same geolo-' 
gist. J The great development of the Tejon at the southern 
end of the Coast ranges gives plausibility to the idea that th0' = 
Great Valley had connection with the ocean at this point 
during the Eocene. The presence of the Tejon on the east-' 
ern slope of the Coast ranges for a longdistance and its rare 
occurrence within the area of these ranges makes it probable 
that they were much more elevated than during the preceding 
Chico or the following Miocene, and that this land areaxsOn-' 
nected with the Klamath mountains on the north. It is in- 
conceivable that, if the Tejon once covered the C^ast ranges,' 
it should have been so completely removed from almos.t>ali'. 
interior points. ' . . 

Miocene, There is strong evidence that previous to the 
beginning of the Miocene sedimentation a marked subsidence* 
took place through the central and southern Coast ranges,, 
while in northern California according to Diller§ the Miocenes 
was inaugurated with no great disturbance unless a slight^ 

*Bull. Gooi. Soc. Am. vol. iv, p. 219. ^'^ - ''••'' 

tBull. Dept. Geol. Univ. of Cal. vol. i, p. 19. » , • . > - 

JXV A^inual Report of U. S. GeoK Sur. p. 458. 
§XIV Annual Report U. S. Geol. Sur. p. 425. •* 
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depression. Land existed in the Klamath mountains but it 
was not greatly elevated. Becker* has held that land existed 
also in the Clear Lake region during the Miocene. From the 
region of San Francisco bay southward it appears that at the 
beginning of the Miocene there were numerous detached land 
areas extending in the direction of the San Emedio mountains, 
which although now rising 9,000 feet were then nearly sub- 
merged. At the base, the Miocene consists very generally of 
a coarse arkose sandstone or conglomerate. These shore de- 
posits occur in many places, a few of which will be enumera- 
ted. They are found along the flanks of the Santa Cruz; 
range, in Alum Rock cafion on the northern slopes of the 
Mount Hamilton range, east of Monterey in the Palo Escrito 
hills according to Whitney,f along the slopes of the Santa 
Lucia range in southern Monterey county, etc. The almost 
buried granitic axis extending from the Santa Lucia range 
to the San Jose range in northern San Luis Obispo county is 
bordered for nearly 100 miles by coarse arkose sandstones and 
conglomerates derived from the granite on which they rest. 
Much of the southern and western sides of the San Joaquin 
valley is bordered by argillaceous sandstones and clays of 
Miocene age. They are richly impregnated with alkalies, in- 
dicating deposition in quiet waters partly shut off at least 
from the open ocean. 

The facts at present known seem to warrant the statement 
that at the beginning of the Miocene the region of the cen- 
tral and southern Coast ranges was occupied by an arehipel- 
igo of islands, some of them being of large extent. Enough 
is known of the Miocene to trace out the position of these 
areas with some accuracy but it will not be attempted here. 

In the foregoing presentation of a few of the facts bearing 
upon the history of the Coast ranges the writer hopes to have 
shown reasons for believing in a great age for this system of 
mountains. The mere fact that a subsidence took place at 
«ome period, even if as a result the mountains wholly disap- 
peared beneath the sea, is no reason for affirming that the 
mountains first originated with the following re-elevation. 
The upheaval at the close of the Jurassic in all probability 

'^Qnicksilver Deposits of the Pacific Coadt, p. 238. 
t^^l* of Cal., vol. I, p. 154. 
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gave the Great Valley a form approximating that of the pres- 
ent day, and there is every reason to suppose that this valley 
has been subject to continuous sedimentation up to within 
comparatively recent geological times. But whether continu- 
ously submerged or not, when once the folding of the crust 
was initiated along the axis of the Coast ranges it is in the 
last degree improbable that the axis has ever been wholly ob- 
literated. 

Summary. In the Coast Range region a granitic axis is 
recognized as existing above water and undergoing erosion in 
early Mesozoic and possibly Paleozoic times. 

Preceding the deposition of the Golden Gate series, which 
is believed to represent the upper Jurassic, a subsidence took 
place continuing with oscillations to the close of that period. 

At the termination of the Jurassic occurred the great up- 
heaval of the Sierras and Coast ranges. The Golden Gate 
series after being uplifted and folded was subjected to a con- 
i^iderable interval of erosion, following which another depres- 
sion took place. 

The Cretaceous was ushered in with a sinking land. This 
continued through the Knoxville when another elevating 
movement was experienced. Through the central portion of 
the Coast ranges the Knoxville was thus subjected to disturb- 
ances and erosion, causing a stratigraphic break between it 
and the Chico. During the latter period a subsidence was 
again inaugurated until the opening of the Eocene when the 
re-elevation of the land in northern California was probably 
felt through the whole of the Coast ranges. 

At the close of the Eocene we have evidences of a renewed 
disturbance which resulted in the strata of that age being 
folded, uplifted and exposed to erosion. 

Miojcene sandstones are found resting with marked non- 
conformity on the Eocene in the southern Coast ranges, point- 
ing to the fact that still another depression had been expe- 
rienced with the opening of the Miocene. Sinking continued 
through this period and at the time of change of sedimenta- 
tion from sandstone or clay to the bituminous shales, ext^n- 
Mve movements similar in character to those shown in the 
Golden Gate series must have taken place. The Miocene was 
terminated by one of the most marked changes of l^vel record- 
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ed in the history of the region. This change was in the na- 
ture of a great uplift, with the formation of several new 
ranges. 

During the Pliocene the region was again depressed. This 
was followed by another marked elevation which has contin- 
ued with some irregularity, and perhaps local depression, up 
to the present day. 

In this outline no attempt has been made to trace the char- 
acter of the movements, but simply to call attention to the 
complex relations of the different series of strata, with the 
object of showing the existence of mountains in the region 
of the California Coast ranges in much more remote geologi- 
cal times than Mr. Kansome is willing to grant. The five of 
six marked non-conformities between the different series of 
strata are indubitable evidence of the existence, periodically 
at least, of a connected series of mountains above the sea 
level. 

It is difficult to understand how the principle of isostasy 
can be reconciled with this remarkable series of oscillations 
along the coast of California. A criticism of the theory tak- 
ing into account the history of the Coast ranges must be 
greatly strengthened. 

THE ELECTIVE SYSTEM IN ENGINEERING 

COLLEGES.* 

By M. £. Wadswobth, Director of the Michigan Mining School. 

It was my privilege to present for your consideration last 
year a paper on the elective system as adopted in the Michigan 
Mining School ; it is now my purpose to continue this subject 
by presenting some further particulars and pointing out the 
conditions under which this system might with great advan- 
tage be introduced into other engineering colleges. 

To establish a clear understanding between the auditor and 
myself, I shall divide the matter up into heads which are 
regarded 418 cardinal points in the argument. 

/. Knyiuecrin(j is n Learned Profession, 

This I think will be admitted without discussion, hence it 
clearly follows that studies forming integral parts of the 

♦Read before the Society for the Promotion of Engineering Educa- 
tion. Buffalo, N. Y., August 20th, 1896. (Abstract.) 
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course in all engineering colleges are just as truly profes- 
sional studies as are those given in schools devoted to theol- 
ogy, law, and medicine. Those who follow the last named 
professions h^ve certainly not excelled the engineer, if they 
have equalled him, in the task of promoting the happiness, 
welfare and morality of mankind; nor can it be proven that 
success in either of these professions requires deeper study, 
higher intellect, more experience with men and things or bet- 
ter balanced judgment, than is needed for the successful pre- 
sentation of engineering projects. Why, then, does the pub- 
lic at large hold the engineering profession inferior to the 
others just mentioned? I answer, because we ourselves have 
set them the example and they accept the engineer at our own 
valuation. Educators have, unconsciously, perhaps, but none 
the less truly, proclaimed their own conviction of the inferi- 
ority of an engineer's mental needs and equipment by the in- 
troduction and continued retention of 

II. Non-essential Studies in Engineeriny Courses, ,- 

This mistake naturally arose from the fact that the early 
engineering schools or courses were planned in the now clearly 
erroneous assumption that their training must include a so- 
called liberal education, or else prove itself to be the equiva- 
lent of the classical courses then in vogue. Further, most of 
these early engineering courses were grafted into older insti- 
tutions, under control of a literary or classical faculty, men 
whose very training and success in their chosen lines unqual- 
ified them to perceive that the study of engineering, if prop- 
erly conducted, affords just as rigid, logical and powerful a 
mental training as can be obtained through the study of any 
other subjects whatever. 

The engineering faculty, and they alone, are the parties 
competent to formulate the list of studies for engineering 
students, and their decision in such matters must be final, if 
engineering courses are to be freed from driftwood and bar- 
nacles. 

f f f. The. Xatural Sequence of Studies must he Observed. 

It is objected by many (1) that under the elective system 
the student will receive only a disorganized course, and (2) 
he will finally graduate with a training which is insufficient, 
because it lacks both depth and comprehensiveness. Neither 
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objection is sound, if the course is in competent liands. The 
professor of each branch unquestionably knows what subjects 
a student must have mastered in order to profit from his own 
instruction. henc<» if lie rigidly demands these, his students 
must necessaril}' have received a systematic and thorough 
training in everything having a real bearing on an}' work 
they elect to take up. Strict observance of the sequence of 
studies will with mathematical certainty force each student 
to go thoroughly over every subject preparatory to every 
other subject elected, hence a disorganized course becomes 
impossible. It thus appears that by this system, depth is not 
sacrificed but rather increased. 

Lack of comprehensiveness is easily and effectively guarded 
against by demanding for graduation as many courses as a 
good student can succcssfull}'^ carry in the time usually avail- 
able for a college course. Indeed, if the natural sequence of 
studies be rigidly observed, it is advantageous and perfectly 
feasible t(» tlirow down the artificial barriers that have grown 
up between the different branches of engineering and thereby 
allow the students to enter upon a general engineering train- 
ing, without any sacrifice of thorough work, or any friction 
between various departments. Students could select courses 
in harmony with their dispositions and abilities; the differ 
entiation would take place naturally. While the degree 
would not mean that all had taken the same studies, it would 
mean that ever}' study taken had been prosecuted with suc- 
cess. Further, it would mean that the student has received a 
better training for his life work than can be given under any 
rigid or optional system. Quality, not ciuantity, is the dis- 
tinguishing feature of this plan. 

There is no reason whatever why the elective system should ' 
be confined to engineering colleges alone of professional in- 
stitutions. If the sequence of studies, which is to the elect- 
ive system what the keystone is to the arch, is rigidly ob- 
served, the system could with advantage be introduced into 
law. medical, theological, or other professional colleges. 
/ F. The Elective Syslem clearly shoif\i up inferior Tea chi tiff, 
superjlnovs Subjects and incoinpetent Professors. 
As eneh professor rigidly demands proficiency in all bran<^be's 
preparatory to his subjects, every student in a clas** must fW 
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H measure serve as an exponent of the ability, thoroughness, 
or honesty of such other professors as have liad charge of his 
previous studies. Any evidence of general inferiority in 
training in any one subject is quickly detected, and the rem- 
edy should be promptly applied. 

Should a professor introduce courses foreign to the work 
of the school, the fact is quickly made apparent because no 
other professor prescribes such courses as preparatory to his 
own, nor do the students elect them. Hence this system does 
away c(»mpletely with all padded courses, incompetent in- 
struction, or irrelevant matters given merely to fill in a certain 
amount of time.. It makes such instruction serve as a check 
on the proficiency of the others, produces a co-ordinate system 
of studies, and renders possible educational results which un- 
der the old systems would demand a much larger faculty, 
r. Tke JCiccfive Si/stent in the onhf one which ran make full 
J^rovision for the differences in Temperament, Taste and 
Talents^ irhich must always exist between the various Mem- 
bers of the Student Body, 

Under the elective system the student selects that work for 
which he has been properly endowed by nature; he takes far 
greater interest in it, and the results are deep and permanent. 
So marked is this that no instructor in the Michigan Mining 
School now hesitates to demand of his men far higher and 
better work than even the most sanguine could ever hope to 
get under the old rigid system. Even if the elective system 
does demand higher work in each branch, and a more profi- 
<*ient preparation for each study, the student himself readily 
sees the object and justice of each requirement, and cheerfully 
accepts an obligation carrying with it freedom in choice of 
studies and avoidance of non-essential ones. All this acts like 
oil upon the machinery and enables the product to be turned 
out with little noise, friction and wear and tear. 

Since engineering is largely a matter of economics, is it not 
wise to have the student make the first application of this 
principle when ex])ending hi« own energy and time? 
V f. Certain Vonditions are Essential if the Elective Sys- 
tem is to be a Success, 

It must be clearly recognized that every educational insti- 
tution h^s it8 individual peculiarities, hence before underti^k'- 
ing the introduction of a new system, or a modfflcHtion of an 
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old^one, every school must make an exhaustive inquiry to de- 
termine the relations between the proposed course and its en- 
vironment, constituency, faculty, trustees, equipment, object, 
etc. That scheme most in harmony with these should be 
adopted, and in determining which one most nearly meets the 
required conditions, nothing is more necessary than a liberal 
use of that very rare commodity, common sense. 

It is surely unnecessary for me when addressing a body of 
engineering educators to point out the uselessness of mere 
copyists or servile imitators; temporary success may crown 
their efforts in some cases, but not one like this, because in 
every problem the requirements are so diverse. In every case 
the scheme must be worked out anew in every detail from the 
very foundation. 

Every educational scheme, and the elective system more 
than any other, demands for success that schools be conducted 
on sound business principles. The governing board must be 
composed of experienced, able, judicious, and conscientious 
men; they need not of necessity be educators or engineers, 
but they should have the wisdom to perceive that the success- 
ful direction of a higher educational institution requires ex- 
perience and ability on a par with that demanded in any other 
business or profession. They must realize that no success can 
crown their efforts unless they .clearly understand that their 
duty consists entirely in formulating the objects of the insti- 
tution, providing the means to reach these object*, choosing 
an able and discreet director or president and seeing that he 
attends to his duties. Assumption of any other power is math- 
ematically certain to cause friction and throw painful obsta- 
cles in the way of progress. 

JJJThe success of the institution depends largely upon the 
chief executive officer and the faithfulness with which he is 
supported by the board and faculty. The president need not 
of necessity be an engineer, but it is absolutely indispensable 
that he be an able and experienced educator, a man of broad 
gauge, liberal spirit, unbounded energy, perseverance and 
firmness. To him should be left, without any interference 
whatever, the carrying out of the plans formulated by the 
board, and he should be held strictly accountable for results. 
Nothing short of incompetence should be deemed a sufKoiont 
reason for interfering with his plans. 
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The president must make a study of the institution as a 
whole; formulate the results to be reached by each official of 
the school in order to carry out the general scheme; see that 
these results are obtained, be empowered to discharge, without 
recourse to others, any official found to be incompetent. He 
must allow each of his associate officers full liberty to reach 
in his own way the results demanded of him, rigidly abstain 
from interfering with his work and aid him whenever possible. 
V[[, The Advantages of the Elective System. 
They may be briefly enumerated as follows: 
^ai It lightens the labor of the instructors, i.e., removes much of the 
drudgery, makes the work far more a ial)or of love and enables each 
one to give as extended a course in his department as he wishes 
without interfering with another professor. 
\\y\ It greatly reduces the friction between faculty and students, almost 
floes away with faculty meetings and renders the necessary regu- 
lations few in numlier. 
fci It renders examinations almost unnecessary, grades the student by 
hi8 daily work; removes the padding of courses, shows up ineffi- 
cient teachers and allows the professors and the institution to get 
rid of incompetent pupils with almost no friction. 
<d) It results in better and higher work in each subject, and develops 

the best that is in each student. 
(e) It is more economical both in money and time than either the re- 
quired or optional systems, i. e., a smaller faculty accomplishes the 
same results. 
<f I It enables an instituiton to keep pace with the rapid development 
of the various branches of engineering without the introduction of 

■ 

new faculties and new degrees with all their attendant evils. 

i\r) It serves as a safety valve for the students* pent up energies, and 
almost does away with class rebc^llions, especially those due to 
Homo particularly obnoxious professor, or to the suspension of some 
{K>i)ular student. 

<h » It does away with the practice of hazing and most of the other dis- 
graceful customs of students in educational institutions; it renders 
the student more manly, and in a professional school allows a man 
to attend to athletics and his studies without that demoralizing 
.sacrifice of truth so fearfully prevalent. 

'ii It proclaims to the public, and with perfect truthfulness, that not 
only has the student *'gone through" certain studies to obtain a 
tlegrej^ but each of those studies has •*gone through*' him; in other 
words, that no student has been allowed to slide through some 
studies in which he was weak because there were others in which 
he was proficient, nor has he been graduated simply because of his 
excellence in athletics. 
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(j) It UDites into one harmunious whole the studies that are usually 
classed as undergraduate to those that are called graduate, and 
leads the student to consider them all as a desideratum for his 
work. It broadens his Hold of view, inclines him to pursue further 
study, and diminishes his tendency to contract the megacephalous 
disease. 

Vlll. K^perfence in the l^ae of the Elective Stfittem at 

the Mich iff an Mininff School, 

When I assumed the position of director of the Michigan 
Mining School nine years ago the institution was in its in- 
fancy and no systematic course of instruction had been laid 
oiit. The rigid system usual in engineering schools was the 
only one then available and it was accordingly introduced. 
The rapid development of the school soon pushed this system 
to its ultimate results, namely, the wishes of each member c»f 
the faculty as to tht- work he thought should be given in his 
department were gratified. There resulted in consequence an 
engineering course which could .be successfully coped 'with 
only by one exceptionably able both mentally and bodil}'. 

Every instructor realized that the system was crushing un- 
der its own weight, and tliat prompt relief was imperatively 
necessary. When casting about for a solution of the long 
foreseen difficulty, the director, among other things, inter- 
viewed each member of the faculty separately as to his views 
on the desirability and practicability of an elective system. 
The concensus of opinion w^as that such a system, while ad- 
vantageous in a literary institution, presented insurmount- 
able obstacles to its introduction in a technical institution 
like the Michigan Mining Scho(»l. The director, however, saw 
no other solution to the dilHculties then encompassing the 
course of study, and, notwithstanding the discouraging out- 
look, determined to t<^st the practicability of laying out a suit- 
able scheme; from time to time he consulted each instructor 
as to his wishes in all matters relating to his department. 
After several months' labor the details of the plan were tinally 
worked out, obstacles surmounted, conflicting interests har- 
monized, and the completed work submitted to the faculty 
and the board. It was promptly and unanimously adopted 
by both bodies and has proven to be the greatest sinj^h* nd 
vance the Michigan Mining School has ever mad«*. 
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The faculty meetings have been reduced from one or more 
weekly to five in forty- five weeks, and unless some emergency 
arises, one or two meetings a year will be all that will be nec- 
essary in the future to transact the business th«t is required 
of the faculty as a body. 

The system has also brought about a simplification of the 
other work and enables it to be rapidly done because the di- 
rector is charged with the duties that usually devolve upon a 
faculty, and because each professor has absolute control over 
his department and the students in his classes. The head 
professors are responsible to the director while the other in- 
structors are directly responsible to the head of the depart- 
ment with which they are connected. 

The regulations of the school have been greatly reduced in 
number and so arranged that the student himself is specially 
interested in seeing that they are observed, since if they are 
not, his own act walks him out of the institution and closes 
the door behind him, in most cases without the intervention 
of the faculty or director. Those of you who have debated 
long hours over some student, whether it was ''to be or not to 
be" can realize what a relief such' automatic action is for a 
long suffering faculty. These changes have all naturally 
grown out of the elective system, and the result is that the 
Michigan Mining School has had one of the pleasantest, most 
profitable and harmonious years it has ever seen, although it 
has never developed enough disturbance in it* history for the 
newspapers to take up its discussion. Not a single professor 
or student desires or would go back to the old system, and 
while further experience will undoubtedly indicate variou** 
modifications of details, it can certainly be c(msidered at thi** 
time that the elective system is an un(iualified success. 



OROTAXIS: A METHOD OF GEOLOGIC 

CORRELATION. 

B\ C'jiARLKH RoLLiN Ke\es, JefTorj^oii City. Mm. 

In his discussion of the ancient formations of 1^*- T<m - .-^i- 
perior region the lamented Roland I). Irving* lnv*- jm~i i i 
stress on the value of unconformities as a bM«ii«' Jiit jpninfc«n. 

*U. 8. Gool. Siir., Ttii Ann. R«»pt.. pp. '.VHrmTwH^. 
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<0u88ificatioii. In the application of the principle to the region 
that was under consideration it was shown that unconformi- 
ties were the most important of al] criteria in resolving into 
its grander subdivisions a vast sequence of crystalline rocks 
which, as in the case of other similar masses, had defied all 
attempts at satisfactory arrangement and correlation. Had 
he not been so untimely called from his field of labor he 
might have expanded his theme so as to be of much wider, 
if not of universal application. It is not that Irving was the 
first to suggest the use of unconformities in delimiting the 
grander geological formations, for this at the present time is 
essentially the real foundation of our accepted geological clas- 
sification. Other criteria, however, have so overshadowed this 
one that the fact of its ever having assumed an important role 
is well-nigh lost sight of entirely, and consequently the phys- 
ical breaks in stratigrnphical succession excite little atten- 
tion, except as interpreted by fossils. Their true significance 
is now very nearly, if not completely, overlooked. In the ab- 
sence of fossils Irving was actually driven to the use of purely 
physical methods in dealing with the metamorphosed rocks, 
for any attempt to arrange the latter systematically, except 
upon faunal grounds, had been given up as useless. In other 
regions man}' writers before him had considered the phenom- 
enon of marked discordant sedimentation as a structural fea- 
ture and had actually gone so far as to regard unconformities 
as not only of regional but even of intercontinental extent. 
On the other hand, there were a very large number who be- 
lieved that unconformities at best were only local phenomena 
and therefore of small importance in stratigraphy. It was 
Irving's particular mission to determine how far unconformi- 
ties could be relied upon in a limited district, to point out 
clearly that in some cases they were of very wide, and in other 
cases of very limited extent, and in the geological classification 
of the non-fossiliferous rocks of a whole province, to propose 
a plan in which unconformities occupied a prominent place. 

Since Irving's time, short though the period has been, there 
has sprung into existence a new department of geological in- 
([uiry, that not only reads later geological history in the geo- 
graphic forms presented, but gives an entirely new insight 
into the real significance of unconformable relations between 
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the older rock massep. Of late the bringing in of the geo- 
graphic methods as an aid to geologic interpretation finds a 
number of excellent expressions, but none happier nor more 
forceable than McGee's consideration of the Coastal plain de- 
posits of the Atlantic slope.* 

It is in the extension of Irving's theme as outlined, under 
the guidance of modern physiographic interpretation, that 
stratigraph}' is believed to have found a rational and practical 
method of correlation and classification that, in its funda- 
mental concepts, is entirely independent of the usual and al- 
most universal paleontologic standard. 

']'he criteria which have been employed at different times 
in the correlation of geological formations have been found to 
have widely varient values. But since all systematic arrange- 
ments of sedimentary deposits have for an ultimate end the 
delineation of the real superposition and relative ages of all 
strata, it is manifest that the scheme incorporating in its plan 
the actual sequence of the processes which have produced the 
events is the one which most nearly meets the requirements 
of a rational foundation for geological chronology. In pro- 
portion therefore as a classification is genetic is it of value as 
epitomizing the history of a region. 

Since the recognition, at the beginning of the eighteenth 
century, of the geological significance of the bedded charac- 
ter of nearly every portion of that part of the lithosphere 
open to observation, the normal order of superposition of the 
layers has formed one of the chief problems of stratigraphy. 
In a single rock exposure it is ordinarily easy to determine 
which beds were laid down first and which last. But in mak- 
ing a comparison of two sections which are not visibly con- 
nected the case is not so simple, and w^hen the two sections 
are widely separated the difficulty of paralleling them is cor- 
respondingly increased, and exact correlation is perhaps out 
of the question. It is the special province of geological cor- 
relation to establish a general chronological sequence of rock 
successions more or less widely separated. In the past the 
standards for this determination have been numerous. As 
they have come to be tested practically in the field they have 
been, one b}'' one, abandoned entirely, passed over, or in lieu 

*U. S. Geo!. Surv., 12th Ann. Kept., pp. 245^520, 1801. 
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of something better have been used only provisionally, or 
with reservation. No single criterion has. yet been proposed 
that answers the purpose successfully. Although some one 
of the various methods is commonly used as the principal 
one, the others are also followed at the same time. Hence, 
few correlation problems are now settled by a single standard 
alone. 

The most important of the criteria which have been era- 
ployed are: Mineral deposits contained, lithological similari- 
^Ji organic contents, stratigraphic continuity, and discordant 
sedimentation. At one time or another each of these has had 
supremacy in geological work, and at the present time all of 
them are used to some extent, either directly or indirectly. 
At the Washington meeting of the International Congress of 
Geologists, Gilbert* arranged the common methods of correla- 
tion in the following way : 

T. Physical, through 

1. Visible continuity. 

2. Lithological similarity. 

3. Simihirity ofiithological sequencro. 

4. Unconformities. 

.'). Simultaneous relationsof diverse deposits to 8<»me physieal 
event. 

6. ComiMirison of chants deposits haveexi)erienced from the 

action of geological processes supixised to be continuous. 
1 1 . Hiotics through 

7. Relative abundance of identical sin^cies. 

8. Relative abundance^ of allied or representative Kj)ecie8. 

9. Comparisons of faunas with present life. 
10. Relations of faunas to climatic episodes. 

For u long time general correlations have been almost uni- 
versally carried on by the biotic methods. At present the fac- 
tors of organic remains predominates over all others and is in 
fact the foundation of the commonly accepted system of geo- 
logical synchrony. However, it is beginning to be recognized 
more and more clearly that organic remains are not the all- 
deciding factors in <iuestions of correlation, that they are in 
reality accident^il characters, and that when depended upon 
they must always be taken in connection with the physical 
features. In actual practice the}' are regarded as corrobora- 

♦Cong. geol. international. Compte Rendu, ."ime Sess.. 1891. pp. 151 
ir>.5. 189:{. 
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tive evidence after the main points have been determined by 
other means. For this reason chiefly it was set forth recent- 
ly* that all the principal characters, stratigraphical, litholog- 
ical and faunal, of every formation were so intimately inter- 
related in origin that the proper interpretation of any one of 
the three classes of phenomena presented should, under normal 
conditions, indicate the more salient features of the other two ; 
but that, ordinarily, great difficulties were encountered in at- 
tempting to infer the entire geological history of a series of 
beds from a single group of facts*. The larger part of the 
preserved records is in great measure inaccessible. Those 
portions which are open to investigation have been as yet only 
partially considered. For a long time to come the territory 
open to inspection will require constant study before the his- 
tory can be made out even measurably complete. At the 
present time, therefore, it becomes absolutely necessary to 
carry on investigations, involving the historical sequence of 
geological events, along all three lines at once. Every fact is 
needed to throw light upon the general theme. If the prob- 
lems were attacked in any of the three directions alone, with- 
out due regard for the evidence presented by the others, very 
different, and perhaps antagonistic conclusions might be 
reached, Ht least in the present state of knowledge. In the in- 
terpretation, then, of the geological history of a region, and 
in the erection of a classiflcation of the formation in accord- 
ance with that interpretation, it is of prime importance to 
weigh carefully all the evidence set forth by the arrangement, 
composition and contained organic remains of the rock series 
as a whole, and of its several parts regarded as distinct units. 

It has already been intimated that the basis of geological 
classilieation has been at various times in iiccordance with the 
very dilFerent standards, and that these have continually 
changed. In passing from one to another, however, the 
change has been gradual and not abrupt; for being bound so 
inseparably to the past it is well-nigh impossible for us to at 
once cast aside old ideas, even after we are fully convinced of 
their untrustvvorthiness. So, in clothing new conceptions in 
words, we unconsciously and unavoidably incorporate state- 
ments that are not only deceptive but which have their founda- 

*Ic)wa C^roo!. Hurv.. vol. ii, p. 02. 1898. ^ 
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tions in error. Still, the expression of the new must be largely 
in termsof the old. In the discussion of our standards of com- 
parison the old interpretations are naturally, yet unavoida- 
bly, incorporated, and more or less misunderstanding necessa- 
rily arises at first in the consideration of any new criterion. 
That every standard yet suggested for the determination of 
geological chronology has been inadequate when taken singly 
is conclusively shown by the daily practical tests that are 
made. A satisfactory solution to the problem does not ap- 
pear to be offered by any system yet proposed. It has almost 
come to be the despair of investigators. A few years ago 
Whitney and Wadsworth* gave up all hope of unravelling 
pre-Cambrian geology without the use of fossils. Walcott,f 
«fter reviewing the methods of correlation in his essay on the 
<'ambrian, concludes that "For the determination of synchro- 
ny, except in a limited area, there is little hope for satisfac- 
tory conclusions by any method yet devised." Gilbert* states, 
that at present "the legitimate use of physical methods of 
correlation will necessarily be local * * * . The value 
of a biotic group for purposes of correlation depends (1) on 
the range of its species in time and space, and (2) on the ex- 
tent to which its representatives are preserved." IIughe8,§ 
in presenting the report of the British subcommittee on geo- 
logical classification, clearly recognizes the fact that no one 
criterion is sufficient. "We must adopt the historical method 
* * * * . In geological history we must class togeth- 
<?r those results which naturally hang together, which belong 
more or less to one set of conditions as shown by the similari- 
ty of the inhabitants, as well as of the country occupied and 
of the structures which remain ; that is of the fossils, the 
stratigraphy and petrology of the district. Our greater di- 
visions must be based on the more complete changes and the 
smaller upon the minor fluctuations, which will be indicated 
<mly by the more sensitive and specially adapted forms of life, 
or by the more minute structural changes.'* 

♦Bull. MuB. Comp. Zool., vol. vii, p. 505, 1884. 

J J. S. Geol. Sur., Bull. 81, p. 4a3, 1891. 
J?ong. g^ol. international, Compte RcmuIu, 5nie Sese., 1891, p. 153, 
. 
§Cong. geol. international, Conipt<» Rendu, 4me Sess., 1888, App. B, 
p. 9, 1891. 
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While it was widely recognized that the biotic criteria are 
not entirely adequate for purposes of general correlation, it 
remained for those working in t-erranes which were wholly de- 
void of organic remains todevise special methods for reaching 
the same end, methods which were entirely physical in charac- 
ter. The great object attained by the elaboration of these 
methods has been to point out that in the systematic arrange- 
ment of formations, satisfactory results are not only possible 
but that the relationships established are equally accurate 
and the methods equally as applicable practically as the most 
refined biotic methods yet used. 

Since the classification of the Archaean (including Al- 
gonkian) was given up as impossible without the aid of fos- 
sils, Irving and Van Hise have formulated admirable methods 
of working, in which organic remains are left entirely out of 
consideration. McGee and his colleagues have, by purely 
physical methods, attacked the unfossiliferous deposits of the 
Coastal plain, and then have applied the same methods sue- 
cessfully to the fossiliferous terranes. Davis and others have 
rejuvinated the old methods of stratigraphical continuity 
and lithological similarity, by making possible a system of 
correlation by geographic forms, and broad areas are now 
being geologically mapped by this method alone. All of these 
methods are more or less complex and not simple, but they 
demonstrate that newer and more natural ways are rapidly re- 
placing the older and more artificial ones, and that there is 
ample hope for devising physical means of correlation that are 
more in harmony with the real nature of the problems involved. 

With the waning influence of the chief criterion which has 
long held sway in the accepted system of correlation the ne- 
cessity graduall}' becomes manifest for a plan which is more 
in accord with the recent rapid progress and unparalled ex- 
pansion of geological knowledge. Of the suggestions that 
have been offered of late years, for the establishment of a 
scheme of geological correlation independent of fossil evidence, 
the three just mentioned are especially prominent and are cer- 
tainly destined to have wide utility and to be fruitful of grand 
results. By a combination, modification, and expansion /)f 
the central ideas of all these, together with the legitimate use 
(>f the cardinal principles involved, it is believed that a scheme 
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raay be devised which will put geological correlation and sys- 
tematic stratigraphy on a purely physical basis, that will be 
at once rational, practical and elastic. At the same time it 
will accord with the physical history' of events, and will not 
inhibit the usage of all features of other plans so far as they 
are found to be trustworthy and of real service. 

The primary object of geological correlation is the establish- 
ment of a general system of chronology. It finds expression 
in the classification adopted. In the development of every 
branch of natural knowledge one of the first considerations to 
receive attention is a systeniization of the facts obtained. 
This orderly arrangement is one of the earliest prerequisites 
demanded of the branch in its attainment of scientific recogni- 
tion : while its advancement is measured by the degree of tax- 
onomic completeness and by the nature of the criteria regarded 
as critical. The bringing together of the various phenomena 
so that some sort of systematic relationship is made to exist 
among them all is the initial step in raising a particular de- 
partment of knowledge to the dignity of a science. As pro- 
gress is made a gradual evolution takes in the fundamental 
plan of grouping the facts. In the beginning, a classification, 
rude though it may be, is fashioned from the superficial fea- 
tures which are most striking at first glance. It is at a later 
stage modified to one in which similarity of the common 
characters, irrespective of natural relations, is taken into ac- 
count. A vastly more advanced conception is classification 
based upon affinity, in which for similarity of features there 
is substituted similarity of plan. The final stage is the ge- 
netic, in which origin or causal relationship is the governing 
(»r predominant factor. 

The classification of geological phenomena is no exception 
to the rule. In stratigraphy, as in other branches of geology, 
the various standards of comparison have given way, one 
after another, to other standards more expressive of the ad- 
vancement of the science. But in the successive replacement 
of one set of criteria by another the abandoned groups are not 
found to be altogether wrong, and they continue to exert more 
or less influence, long after they are thought to be forgotten. 
In practice, then, the establishment of a rational system of 
geological chronology is not to be sought in the comparison of 
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any one net of external features, but rather in the direct caus- 
es which give rise to the phenomena. The final outcome is 
derived from a comparison of all groups of pertinent data in 
the physical history, taken ensemble. 

A little consideration of the practical bearings of correla- 
tive inquir}'' shows that in a comparison of geological forma- 
tions four aspects of the case are presented. The problem 
may be looked upon from a local, a provincial, a regional, or 
from a general standpoint. With the various methods of cor- 
relation which have been followed from time to time the uni- 
versal practice has been to attempt to base the broader gen- 
eralizations upon criteria that are, in reality, applicable only 
Xn limited areas. Hence, in passing from the more local to 
the more general, difficulties arise which become more and 
more formidable in direct proportion to the extension of the 
local scheme. Most of the methods that are applied and that 
are found to answer locally, fail when extended over larger 
districts. The real problem, then, is to find some means of 
solving the difficulties, for the latter or more general. When 
broadly applied most correlation criteria prove inadequate. 
The reasons are evident. As the specific distinctions are ex- 
tended more and more widely they change and all are gradu- 
ally replaced by ditferent ones. It is manifest that in no 
ease must the critical criteria deal with the intrinsic features 
as such, but with the causes giving rise to them. Moreover, 
the one great factor to be taken into account in every stand- 
ard of comparison which has to do with correlation of strata 
is a definite basis to which the various minor, or local and 
provincial, successions can be referred.- The fundamental 
conception is believed to grow out of a consideration of the 
nature of sedimentation itself. Natural phenomena rarely 
result from the action of single, simple laws. Each originates 
in many complex and intricate processes, some of which may 
be primary in character, but the majority of which are entire- 
ly secondary. For this reason the particular effects of the 
real causes are usually more or less completely obscured by 
conspicuous yet accidentally associat-ed features. This is 
true in every department of science, as is clearly shown by the 
history and especially by the claBsifications that have been 
proposed during the different sta'ges of development. 
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III seeking for a criterion thut is fundamental in strati- 
graphy it is pertinent, at the outset, to inquire into the real 
nature of ssdim3ntation, into the causes producing it, modi- 
fying it, and limiting it, into the forces called into action in 
subsequently obliterating their results, in fact into all of the 
primary processes involved and into the secondary processes 
which tend to obscure the actual workings of the real and 
fundamental laws. Only in this way can the main object in 
the establishment of an adequate and elastic system of geo- 
logical correlation bi* attained and a ready interpretation of 
the history of terrestrial phenomena bs made. Since from 
th2 strata of the globa must ba deciphered the records of its 
histjry, th3 leading facts to b3 ever bornj in mind and to be 
recognized to their fullest possible extent are that the ele- 
ments of s?dim3ntation are in large part the products of land 
decay, which form seaward-creeping fringes around the con- 
tinental areas, and that the cessation of the action of the 
processes favorable is one of the prime factors in beginning 
each new cycle or great epoch in the physical history. 

Since sedimentation goes on most actively along the bor- 
ders of the great land masses of the globe, it is mainly a func- 
tion of continental growth and decline. Its most important 
relation is with the shore-line, for the latter marks the bound- 
ary along which two very ditferent processes are continual- 
ly in action. On the one side degradation of the land is 
constantly carried on ; on the other material is being con- 
tinually deposited. To the rising or sinking of the land 
with reference to the sea, or to the continual advance or re- 
treat of the shore-line are to be ascribed all the wide-spread 
changes in the character of the deposits thrown down in any 
particular place, and it is the variation in level chiefly 
that gives rise to the intricate and apparently lawless suc- 
cession of lithologically different layers. 

The immediate causes for the changes between the rela- 
tions of the land and sea areas are to be sought in orogenic 
and epeirogenic movements. As the two kinds of move- 
ments cannot be readily separated practically, and as it is 
of small advantage to separate them theoretically, the re- 
sults produced may be all regarded as arising from the one 
cause, from mountain-making forces. The greatest and most 
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abrupt luodifieution in sedimentation, and eons5C(|iiently in 
lithological, stratigraphic, faunal, and in fact all characters, 
are those connected directly with diastatic change, producing 
depression of some land areas below sen level, and the upris- 
ing of other districts above the level at which they once 
stood, to form those great features of the earth's surface 
called mountains. Geological chronology, therefore, is be- 
lieved to lind a true and rational basis in those changes 
which primarily govern sedimentation and which are inti- 
mately connected with the genesis of mountain systems. It 
is proposed, therefore, to emphasize this factor as funda- 
mental in the marking of the leading subdivisions of geolog- 
ical time and to define general stratigraphical succession in 
accr)rdance with the cycles of orogra'phic development, calling 
the classification or fundamental principle of correlation a 
systematic arrangement of mountains, or orotaxis. 

By the term mountains, is meant not alone those geograph- 
ic features which, at the present time, rise so majestically and 
conspicuously from the surface of the earth, but also all of 
those structures which have been in the past prominent char- 
acters in the surface relief, and which, geoteetonically, are 
still mountains, though i)erhaps now completely base-leveled 
or long since buried beneath later sediments. With these old 
mountains the cycles of orographic development are properly 
regarded as extending from the time when the strata were 
compressed, through the periods when they were bowed up, 
then planed off nearly to sea-level, and submerged, perhaps, 
until new degradational products were deposited upon their 
upturned edges. The completed cycle of mountain-making is 
the measure of orotaxial chronology. The division planes 
cutting the geological column into systems, series, or smaller 
parts, are actually, as well as theoretically, the lines of uncon- 
formities and their representatives. In the case of the more 
extensive ones they do, no* doubt, represent base-leveled sur- 
faces or peneplains. 

In all cases, great or small, the erosion plane and the period 
of degradation of the land has its e<iuivalent in the sea in an 
accumulation of sediments. An ancient plane of unconform- 
ity, as it is now open to observation, may pass gradually into 
a great plain of sedimentation. In the grander unconformi 
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ties in which the plain of discordant sedimentation represents 
essentially an old peneplain, the corresponding formation 
which is deposited in the sea area is usually a limestone. In 
fact most limestone formations may be looked upon as repre- 
senting depositions during periods when the land adjoining 
was a graded surface or plain of faint relief l3'ing but little 
above sea-level. This being the case, all unconformities have 
a much greater significance than has been heretofore suspect- 
ed. 

These surfaces of unconformity and their representative 
great units of sedimentation are the only absolute datum 
planes from which the measurement of formations can be es- 
timated. Theoretically the formation is generally considered 
as a fixed and clearly defined unit; in practice it is found to 
be indefinite, ill-defined and incapable of definition in any but 
the vaguest terms. But from the datum plane of the uncon- 
formity a new sequence of strata begins, sharply and clearly 
set off from the formations below. Many, and perhaps most, 
of the sharp lines of division that once existed are now effaced 
over much of the present land surface, but in this respect the 
record is not more imperfect than any other. The longer a 
land area remains above sea-level the greater is the liability 
for the records of the earlier events to be destroyed. Over 
other districts in which sedimentation has gone on without 
material interruption during an even protracted orogenic 
movement, the line of delimitation between flie various forma- 
tions ma}'^ not always be clearly descernible and might not, 
with existing data, be fully recognized, but with the detailed 
mapping of the country by the various official geological sur- 
veys the materials are either already at hand or soon will 
be, for sharply defining all the planes along which the lines 
4)f demarkation should be drawn. These lines, when once 
made out and when once properly considered, are as far-reach- 
ing and as universal in application as those of an}' classifi- 
cator}' system probably ever can be made. Where the sequence 
of events has been continuous, lines drawn through the very 
middle of a rock succession will not be perfectly arbitrar3\ 
but will be in accordance with the history more clearh' record- 
jpd elsewhere. 
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"While orogenic movements vary greatly both in intensity 
suid extent they are probably as wide-reaching in their effects 
as any one regional force can be that is of use in geological 
<*orrelation and chronology. They may be rarely or never 
<?ontinental, certainly not world-wide, in extent, but the differ- 
<fnt parts of each continent maybe repeatedly affected so that 
a given region may be subjected to these influences from sev- 
eral centers of activity. The visible planes of unconformity 
which record these movements for each major region thus 
overlap and interlock in such a manner that from them all a 
moderately complete network may be constructed which will 
bind together in a compact whole and in proper chronological 
order all the minor parts. With the comparison of different 
<*ontinents the difficulties are greater but there are some lines 
which surely can be found that are common to both, just as 
in the case of the various provinces of a single continent. 

In coming down to the lesser stratigraphical groups, as the 
series, stages and their subdivisions, the various subordinate 
or local criteria of correlation that are now in general use 
may be made serviceable in the defintion of the several mem- 
hers. The leading considerations are the geograpfucal dis- 
tribution, the lithological character, the physiographic ex- 
pression, the stratigraphical delimitation, and the biological 
definition. In dwelling upon the main characteristics of each 
stratigraphical unit the whole physical history must be in- 
corporated. 

In general geological classification about the only practical 
attempt to use the orotaxial principle has been in the de- 
iiiarkation of the grand divisions or systems, and the events 
are commonly referred to as geological revolutions. The near- 
est approach to the actual application of the idea in any of 
its phases, has been by Irving* in his work on the pre-Cam- 
brian crystallines of the northwest, in which unconformities 
are given great prominence, by McGeef in his investigations 
ot* the Coastal plain deposits of the middle Atlantic slope, 
in which similarity of origin, or homogeny, is the governing 
factor, and by Davis;^ and others in their physiographic work, 

*U. S. Geol. Sur., 7th Ann. Kept., pp. 378, J888. 
tAm. Jour. Sci., (3), vol. xl, pp. 36-41, 1890. 
JNat. Geoff. Mag., vol. i, pp. 180-253, 1889. 
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in which periods of base-leveling are made the all-important 
features in the cycle of land degradation and the consequent 
sedimentation in adjoining seas. 

If an east and west cross-section of the North American 
continent, as from Richmond to San Francisco, be considered, 
a diagrammatic representation may be made in which the gen- 
graphic provinces are cut otf by vertical lines and the geolog- 
ical systems by horizontal lines, the latter being separated ap- 
proximately in proportion to the estimated time intervals. 
This stands for the continuous and uninterrupted geological 
history of the continent, and the stratigraphical succession 
from the earliest to the latest formations. In the proper places 
may be indicated the physical breaks in what would have oth- 
erwise been a continuous sequence. These lines of unconform- 
ity then extended laterally across as much territory as they 
approximately atfected, and represent only the horizons, or 
the times at which they occur. 



HUMAN RELICS IN THE DRIFT OF OHIO.* 

By E. W. Claypole, Akron, O. 
(Plato XL) 

That man existed in the old world during the later Ice ag«* 
is a doctrine in anthropology regarding which little or no 
doubt can now be reasonably entertained. That he was pres- 
ent there during an interglacial era, if any such occurred, is 
scarcely less (?ertain. And no small amount of evidence is 
already obtained which supports the opinion that man even 
preceded the ice in northern and western Piurope. But on this 
side of the Atlantic the ice-sheet thus far has proved a bar- 
rier beyond which human footprints have not been found. 
Glacial man, and still more, interglacial man, is therefore here 
a shadowy, semi-mythical being of whose existence the an- 
thropologist feels at best very uncertain. 

It is true that not a few cases have been brought forward 
in which human relics have been found in such association 
with glacial deposits as to point strongly to the conclusion 
that both were of the same age. But in all these cases the 
deposits in (|uestion belong to the very latest stages of the 

♦Presented to Section H, A. A. A. S., BuflFalo, 189(3. 
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Glacial era and were the wofk of the retreating ice or even of 
the torrents that flowed from it aft<?r the area in which the 
remains were found had been left bare. Consequently, if ev- 
ery one of these cases was logically unassailable, and its evi- 
<lence positively conclusive, the only inference would be that 
man was a denizen of North America during the final with- 
drawal of the ice, that he hung Esquimaux-like on its borders 
nm\ Followed it as it withdrew to the northward. 

Of an}' earlier date than this, therefore, for man in North 
America we have no evidence whatever, and even this has 
been regarded with scepticism and its value denied by men of 
eminence in the field of archaeology. Such scepticism is wise 
and justifiable so long as it can be logically maintained. So 
important a conclusion demands support much stronger than 
that which would amply establish many less momentous prop- 
ositions. The first evidences of glacial man in Fiurope were 
received with an incredulity bordering on unreason by even 
the leaders of the geological thought of that day. Some part 
of this opposition was, it is true, due to a cause much more 
influential then than it is now — theological prejudice. Apart 
from this, however, a stubborn reluctance was manifested 
against the admission of a doctrine so new and so revolution- 
ary as that of the great anticjuity of man. But the slow ac- 
<*umulation of facts, which admitted no denial, had, at length, 
its inevitable effect and the doctrine is now accepted as the 
onlv rational conclusion from the data. 

Here also certaintv will conie with time. If man lived in 
North America during the Ice age we shall find yearly more 
and nH)re trace.> of that existence until the cumulative proof 
becomes irresistible. If he did not then exist the absence of 
>n<*h trace> will become more and more obvious as the years 
pass by. A few doubtful instances may be ex])lained away 
and leave no conviction. But many and repeated and con- 
>tantly recurring examples, if well established, must, at length, 
pile up a mass of evidence that cannot be gainsaid. 

Kvcry archaeologist is well acquainted with the cases that 
have been brought forward during the past few years tending 
to prove the presence of man in this country during the later 
part of the Ice age Many also outside of the archieological 
ranks have become strongly interested in the question and 
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anxious to know whether glacial man was a reality or a myth. 
In so important a discussion it is right that every one who 
comes into possession of data that may have some bearing (m 
the solution should contribute them to the general fund and 
without making any claim to the title of archaeologist or an- 
thropologist I therefore put on paper the following state- 
ments as made to myself and the results of enquiries so far as 
I have been able to follow them up. 

3fr. Mastermans Narrative, 
In the early part of the present summer (1896) an acquaint- 
ance of mine living in north-central Ohio called on me and 
showed me some implements which he had found during the 
past few years in the drift near the town, New London, at 
which he lived. Enquiring into the facts and examining the 
articles, I saw at once that, if no mistake had been made, the 
latter would be of considerable interest and possibly of no 
small value. I therefore noted down at once all that he could 
tell me, and after thinking over the data went to New London 
and spent a day on the ground, where Mr. Masterman wa<* 
kind enough to drive me to the places of interest and thus- 
enable me to obtain further useful and important particulars. 
Everything that I saw and heard confirmed the accuracy of 
his narrative and I returned convinced that, however we might 
explain the problem, the implements must have been found as- 
described. 

My next step was to obtain from Mr. Masterman a state- 
ment with his own signature of the exact circumstances iu 
which the most important of these implements had been dis- 
covered. This statement is given below. 

Statement regarding the finding of tJie grooved stone axe. 

**I, Elmer E. Masterman, of New London, O., was engaged in thr 
summer of 1886 in digging a well on the farm of E. Chapin, about two 
miles northeast of New London, and at the depth of twenty-two feet I 
found a stone implement, a photograph of which accompanies this^ 
statement. 

**I placed it among my other curiosities, not from any thought of its 
possible interest or importance, but because of its lightness, which 
struck me as very singular. Its softness and stratified appearance also 
attracted my attention. 

**It is a grooved stone axe, very much weathered. 

"In digging the well I passed through the following strata: . 
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**Eight feet of clay, very firm, yellow above and blue below, with 
small stones: under this were thirteen feet of silty material, very tough 
toward the bottom and requiring the use of a pickaxe for its removal. 
Inter bedded in this were streaks of sand one or two inches thick. Last 
was about one foot of coarse gravel, yielding water, and containing some 
small subangular stones. 

*'Beneath all was a very tough, blue clay, impervious to water. I af- 
terwards bored down 26 feet in the bottom of the well with a one-and-a- 
half inch auger, but found only the clay throughout. 

**I was alone in the well when I found the axe as there was not room 
for more than one to work there. No confirmatory testimony can there- 
fore be given. 

**I should further mention that nearer the surface, five feet down in 
the upper clay, I found a small arrow — or si^earpoint of white flint 
which accompanies the axe and is marked accordingly. '^ 

[Signed] Elmkr E. Masterman. 

Netv London^ O., Jnly^ 1S96. 

Mr. Masterman has also given me the following additional 
facts regarding his specimens. I quote from his letters: 

**I have been collecting objects of various kinds within a 
radius of many miles for 21 years.'* 

**I have taken pains to record any important or interesting 
specimen." 

**I have many not found by myself. These were mostly 
given me. I have exchanged very little." 

**I have not till lately paid any attention to the scientific 
value of any of my specimens." 

**When engaged as an assistant at the World's Fair in 1803 
I first learned of the discussion and controversies based on 
such implements, but even then I thought nothing of my own 
until my attention was drawn to this one by the Rev. W. Kep- 
ler, soon after which I called on Dr. Claypole," as already 
stated. 

The above are the principal data connected with the finding 
of the implement. It is a grooved stone axe measuring four 
Inches in length by two in breadth and one and a half in 
thickness. It weighs ^\e and a half ounces. 

Condition of the Axe. 

The peculiar condition of the axe, to which reference has 
already been made, demands attention and adds of itself no 
slight confirmation to Mr. Masterman's narrative. It was 
made of the hard, banded, green slate so common in the drift 
of some parts of Ohio and which occurs in vast quantities'^ 
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over many S(|uare miles of eountry in Canada, as for example 
near Sudbury. But it does not show the green color and 
close hard texture that usually characterize this mineral. It 
is deeply weathered and pitted so that on the surface it looks 
like a piece of ordinary '• rotten-stone" being (juite light in 
lioth senses of the word. Numerous small holes, resembling 
those made by worms in wood, are scattered over it and it 
altogether presents a perfectly unique appearance. 1 remarked 
this change to the Under and also the rarity of the material 
for this kind of implement. He said that he had never seen 
another made of this kind of stone. I have onlv one in mv 
collection, a heavy weapon weighing several pounds and I 
have seen a few others, among them a very beautiful one in 
the Peabody Museum at Cambridge, but beyond all doubt it is 
a nuiterial not often employed, lacking as it does the high de- 
gree of toughness possessed by green-stone. 

On my ])ointing out the importance of this decay of the 
stone as evidence and the need of ascertaining its extent Mr. 
Masterman at once gave me permission to saw it through. I 
did so with a common hack-saw in a few minutes without 
<lulling the tr)ol and to m}' 8ur])rise 1 found that the weather- 
ing had gone almost to the very middle, there remaining only 
a mere trace of the original stone, retaining the green color 
and hardness and alfording conclusive evidence of its original 
condition. As additional confirming evidence the leached 
portion showed those concentric lines of color (limonite- 
stains) running parallel with the outlines th«t are so con- 
stantly i)resent on oxydized pebbles and which furnisii posi- 
tive proof that the whole process has taken place since the 
str)ne received its present form. Whatever change therefore 
has taken place in this implement has come about since it was 
fashioned into an axe by its neolithic author. It is now so 
soft that it ma}' be scratched with the finger-nail, and the 
'"decay" is ai)parently due to the solution of some calcareous 
or other soluble ingredient originally contained in t!ie slate. 

The reader will see at once the importance of this matter 
and the strong confirmation which it lends to the story of its 
discovery inasmuch as it would not be possible to produce 
such an im])lement, unique as it a|)parently is of its kind, at 
b^ast so far as the writer is aware. I will return to this point 
however hereafter. 
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Additional 2'estiinonii, 

In addition to the confirmatory evidence afforded by tiie 
-condition of the axe I may add that I have made enquiry of 
those who have known Mr. Masterman longer than 1 have 
■done, and tlie uniform testimony is that he is a man of integ- 
rity whose word may be accepted as unimpeachable. In this 
oj)inion m}- own experience leads me fully to concur. I do 
not think any doubt is entertained on this point by any one 
wiio is entitled to come to a conclusion from personal knowl- 
edge. There only remains therefore to be considered the 
l>ossibility of mistake or faulty memory and these seem (juite 
-excluded by the striking character of the stone and the pe- 
culiar circumstances attending its discoyer3\ 

But in order still further to strengthen this point and at 
tlie same time to anticipate a very probable objection, which 
has been urged with some force against previously published 
-linds'' of this kind, I asked Mr. Masterman to give me the 
most exact and minute details that he could recall concerning 
the actual discovery and first sight of the axe. He replied as 
.follows : 

■'I partly uncovered the axe when I shovelled the clay into 
tlie bucket in which it was raised to the surface. 1 cj,rae ^ 
n«*ar striking it with tiie shovel but recognizing it I used my 
lingers and after a little effort removed it, leavimj an imprint 
of' near/if one-half the thickness of the axe in the softish hlne 
rhiif. I placed it in my pocket and when I came out of the 
well I washed it with a vegetable brush to remove the clay 
which had got on it while I was trying to get it out. " There 
is no room for faulty memory where so clear a recollection of 
th(^ discovery remains. Nor does it seem possible that any 
mistake can exist regarding it. 

(jleohxjii of y^etr Loudon. 

The next toj)ic demanding consideration is the nature of 
the strata in which the axe was found. New London is in 
the soutii-eastern corner of Huron Co. almost due N. N.'W. 
Ironi the point in Ashland Co., where the terminal moraine 
curves sharply to the southw^ard in central Ohio. It is there- 
lore about 40 miles back from the extreme limit of the ice- 
tiont and well within the drift area of the state. The coun- 
try is Hat, scarcely rolling, but it rises slightly to the south- 
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ward so that the drainage is in the opposite direction or 
toward lake Erie. About two miles to the south of the vil- 
lage a sharper rise begins and the surface rapidly reaches an 
elevation 200 feet higher forming a long, low, east-west ridge 
on the northern edge of the high land where lies the water- 
shed of the state. Along this flows Buck creek from the 
northwestern portion of Ashland Co. until it finds a passage 
down the slope to the plain below on its way to the lake after 
joining the Vermillion river. 

The district around New London is therefore a slopinj^ 
hollow toward the north calculated to hold up the water com- 
ing from the retreating ice-sheet until some lower overflow- 
place was uncovered. A short-lived pond may therefore have 
existed in the county during part of the interval required for 
the recession of the ice from New London to the lake shore, 
but the high level 400 feet above lake Erie, forbids our belief 
in its long continuance. 

The structure of the ground is in accord with this view. 
It consists of irregular strata of sand, and fine clay, some- 
times a quicksand, overlying everywhere the tough blue 
boulder clay with small stones. These beds are not extensive 
or regular. In conversation with a well-driller who had had 
a large experience among them I learned that he had found a 
bed of sand perfectly dry at one place, to which by the way 
he had been guided by a water-witch with his hazel rod, and 
fifty feet from it, at a spot chosen by his own unaided intellect 
and at the same depth he had obtained abundance of water. 
Such variations were, he said, common over all the district. 

This structure indicates plainly the deposits of the torrents 
of water and the still pools which characterize the flow from 
the front of a glacier in a flat country. In one place gravel 
is dropped, in another sand, and in a third even fini^r material 
such as clay may be accumulated. The indications at the 
spot where Mr. (;hapin's well was dug point to an area of 
comparatively still water varied from time to time with slight 
currents which brought in the thin streaks of sand interlani- 
inated with the clay. In other places especially to the west- 
ward gravel is much more abundant, the clay being often 
absent. 
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At the well nearly all the material passed through was clay 
becoming tougher and tougher downward and resembling the 
fine silt that settles from still water. The axe must have 
been deposited there when the thin gravel bed in which it was 
found was formed, as it lay directly upon the boulder-clay. 
If there is no other origin or date for the fine clay and streaks 
of sand that overlie it than that which assigns them to late 
glacial time then the tool must be set down to the same epoch 
and must be considered the work of glacial man. 

There is no ground in the present instance for the objection 
that has been urged with much force in some similar case? — 
that the ground has been disturbed and that the implement is 
of later introduction. The well from which it came is situ- 
ated in the wide plain already described. No river channel or 
quarry-face exists within a long distance. Buck creek, the 
nearest stream, is three miles to the south, and that excepted 
there is no break in the continuity of the surface and very 
little variation of level anywhere. The thin streaks of sand 
in the clay absolutely preclude any supposition that the 
ground had been previously disturbed, while the great depth 
(22 feet) and the nature of the soil passed through exclude 
all other theories that have been advanced in similar cases to 
account for the presence of implements in glacial gravels, 
such as falling into cracks, rotten root holes, etc. 

The section as here given, moreover, is not dependent on 
memory, for on ray pointing out the importance of accuracy 
and certainty in the evidence, Mr. Masterman ott'ered to ver- 
ify his statement by boring down alongside of the well. This 
he did nearly to the full depth and the only result was en- 
tirely to confirm his previous account. 

Probable Cause of the Weathered Condition of the Axe. 

I have already referred to the condition of the axe and this 
topic now calls for further notice. It was at first very puzzling, 
as such objects are not usually weathered to any appreciable 
extent even when lying on the surface. To find this one com- 
pletely leached or oxydized throughout was therefore not a 
little surprising and I began to enquire into the circumstances 
in which it had been lying. The first point for investigation 
was the quality of the water and on enquiry I soon learned,, 
as I had suspected, thas it was sulphureous. Further exami- 
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nation with the aid of Mr. MasternianV intimate knowledge 
of the district revealed the fact that all the wells and springs 
in a strip of country east of a certain line yielded water that 
was more or less of this nature. 1 visited several and observed 
this quality myself. Mr. Chapin's well, where the axe was 
found, lies in this tract, though here the taste and the odor 
are slight, perhaps from constant use. A spring at a short 
•distance is a markedly sulphur spring. A line running ap- 
proximately north and south through the school house limits 
the sulphur-water region, and to the west of this line chalyb- 
eate water prevails. 

The cause of this diH'erelice lies, we may safely conclude, in 
the nature of the strata already referred to. The blue clay in 
or under which the implement was found is heavily charged 
with pyrites, a small lump of which is in my possession, 
brought up by Mr. Masterman during his recent drilling. 
The well known oxydation of this mineral furnishes a supply 
of sulphuric acid, and if the slate was, as is sometimes the 
•case, at all calcareous, the lime would be removed by the ac- 
tion of this acid and the rotten and pitted condition of the 
im])lement produced. 

On testing the water at the well no trace of free acid was 
detected, but a sulphate was abundantly present. This is 
what would be expected on the supposition made above. The 
sulphuric acid, produced by oxydation of the pyrites meeting 
with calcareous materials in the ground, would at once be 
<*onverted into sulphate of lime and as such remain in the wa- 
ter, rendering it permanently hard. 

Jn this way I would account for the peculiar and, in my ex- 
perience, unique condition of the axe and at the same time I 
must point out how strong a conlirmation it gives to Mr. 
Masterman's narrative. It would be, I think, absolutely im- 
practicable in uny way to produce such a condition artifi- 
■ciall}^ and so deep and complete a weathering must be the 
ett'ect, even naturally, of a very long time. 

It must also be remembered that so abnormal and unusual 
a condition would be more likely to lead to suspicion and in- 
vestigation than to ready acceptance and therefore to a greater 
probability of the discovery of fraud, had it been practiced. 
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During a recent visit to Cambridge, Prof. Putnam drew my 
attention to two or three implements in tiie Peabody Museum, 
which had been recalled to his mind by a sight of Mr. Mas- 
terman's axe. They are not grooved axes, but large celts 
made of shaly sandstone, which have obviously, like the axe^ 
been weathered since they were shaped, and if an inference 
from their lightness is allowable they must be weathered 
throughout. Unfortunately their history is not known. They 
were found in Tennessee and on the surface, probably 
ploughed up. They are in precisely the same condition as are 
thousands of pebbles of the same material in the drift gravels 
of Ohio. Both are oxydized completely through. 

No evidence can be drawn from these specimens in regard 
to the axe except in one point. The resemblance between 
them and the oxydized pebbles of the drift may mean that 
both have been equally exposed. And as the pebbles are as- 
suredly of glacial date we can only on that view infer an equal 
age for the weapons. 

Other Specimens, 

So far I have confined my statement to the grooved stone 
axe in order that no confusion may arise on the subject. But 
Mr. Masterman has several other implements which should be 
at least mentioned. The argument for the axe must stand or 
fall on its merits. It is the strongest instance of all and 3'et 
may gain some additional value from the others. 

Among these is a greenstone celt, found five feet deep in the 
(!lay in digging a county ditch in 1889. This is within the 
sulphur-water region and shows slight traces of solvent ac- 
tion, the feldspathic (albitic) portion being decomposed to a 
small depth. Other celts of greenstone from dilFerent places 
where this water does not prevail show no traces of similar 
action. The finder of this was Mr. E. E. Masterman. 

Another specimen is a grooved axe of greenstone found in 
1882 seven feet deep in the gravel. This also shows traces of 
chemical action and lay in the region of the sulphur water. 
It was found by E. Morris and given to Mr. Masterman. 

A third is a very rough and unfinished celt of slat€ showing 
a chipped surface over the greater part and traces of grinding 
only in a few places. It is, however, unquestionably of human 
make, and not lying in the region of the sulphur water shows 
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none of the changes so conspicuous on the axe. It is marked 
1895, "13 feet deep in the gravel," and was found by Mr. 
Masterman. 

A fourth is a very large specimen of an unusual pattern 
4ind probably unfinished. It is shovel-shaped, eight inches 
from side to side and five inches deep, roughly chipped all 
around the edge, composed of veined slate, conchoidal in frac- 
ture, with two natural faces which show a little more trace of 
oxydation than do the chipped edges. It bears the record 
**July 14, 1884, 6 feet in gravel," and was found by D. White 
in digging a ditch and given to Mr. Masterman. 

A fifth specimen is a well formed but thick spearhead, made 
of red flint, about 8^ inches long by 1^ inch wide and chipped 
a\\ over both faces. It was found by Mr. Masterman himself 
at a depth of seven feet while digging a well. 

Whether or not, in the opinion of arehieologists, the case is 
strengthened by the addition of these minor "finds" must be 
left to individual judgments to decide. It would not be just 
to present it without at the least mentioning them. 

There are in Mr. Masternian's possession a few other im- 
plements, met with in similar circumstances but not being 
found at any greater depth than those just mentioned no 
purpose would be served by lengthening out this paper with 
their details. They all lie in the same set of glacial gravels 
nnd there is no probability that they, any more than the axe. 
have been subsequently introduced. But it is not possible 
now to investigate these minor cases. 

Conclusion. 

It remains only to consider some of the ditticulties and ob- 
jections that will doubtless occur to archaeologists on consid- 
eration of the narrative above given. It must of course be 
subjected to the closest scrutiny and the severest criticism in 
order that its exact value may be ascertained. 

It will not be necessary to repeat the remarks made in the 
course of this article in regard to some anticipated objectionfci, 
such as accidental intrusion, slip, talus-inclusion and some 
others familiar to the student. I will onl}' notice a few some- 
what obvious difficulties. 

I. It may be asked why these relics should be so compara- 
tivelv numerous near New London when they are not found 
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-elsewhere save in single or sporadic instances? To this 
question there are two possible answers. In the first place, 
granting that man resided in Ohio in late glacial days, there 
were doubtless some spots more frequented than others just 
as we find certain spots now, such as the neighborhood of 
springs and streams, camping grounds, etc., in which flint and 
other weapons may be gathered abundantly whereas over the 
rest of the state they are met with far less frequently. Sec- 
ondly, there are very few places where any one has taken the 
trouble to look for and save such things and record them 
when they were found. It is impossible to know how many 
specimens may even now be, as these were for years, in the 
hands of collectors who fail to realize the important evidence 
which they are able to afford on the subject of early man. 

2. A second objection that will be felt and doubtless pressed 
by some anthropologists may be drawn from the nature of the 
weapons. They are neolithic in pattern whereas an opinion 
is somewhat prevalent that implements found in such circum- 
stances should be of palaeolithic type; at least such a conclu- 
sion may^ fairly be drawn from much that has been written 
on the subject. But this opinion can scarcely be well founded. 
In Europe where later glacial, interglacial, and possibly pre- 
glacial relies of man are more or less recognized the first men- 
tioned are not paheolithic. This character belongs strictly to 
those of the second and third ^ras. All such are paheolithic and 
betray by their pattern an ancient origin. We should antici- 
l)ate similar results here and the facts above given are in ac- 
cord with this view. These implements bear every trace of 
comparatively recent date and they occur mixed in the clay 
and gravel deposits of the melting ice-sheet. The evidence of 
their entombment proves that they belong to the closing years 
of the glacial era — at the least their inclusion in their present 
matrix is of that date. In Europe neolithic man followed the 
Ice age, perhaps after a certain interval, perhaps immediately, 
and a broad and deep gulf separates him from his palteolithic 

ancestorss. 

Secondly, this late date corresponds well with the results 

of investigation into the time of the disappearance of the 

ice. Most of the data attainable will not allow more than 

about 10,000 years as the interval that has elapsed between 

that epoch and the present time. 
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Every one familiar with European anthropology will de- 
mand a longer era than 10,000 years, counting back from the 
present day, for the existence of neolithic man on that conti- 
nent. But when we reflect that neolithic culture was almost 
certainly introduced into America from Europe and must 
therefore be younger here than there we may possibly be sat- 
isfied with that amount of time for the American neolithic 
dynasty. 

I may add that it is at present far from certain that pahe- 
olithic man ever reached this continent at all though the 
doubt rests at present on merely negative evidence. 

8. It will of course be urged that this conclusion which 
seems legitimately deducible from the narrative here given, 
if accepted, rests at bottom on the testimon}^ of one man. In 
a measure this is true though I have taken occasion to point 
out how strongly circumstantial evidence supports this testi- 
mony in a way that seems to render scepticism quite unreas- 
onable. Beyond that the only reply that can be made is that 
almost all similar cases must in like manner rest on the testi- 
mony of some one individual. The way in which specimens 
occur precludes the possibility in most cases of securing any 
other testimony and even if it should be the good fortune of 
a geologist to come on such a relic himself the rest of the 
world, if it accepts the **find" at all, must accept it on his 
testimony alone. It is in the highest degree improbable that 
such relics will ever be discovered and disinterred in the 
presence of the geological and anthropological societies t)^ 
the country. By cumulative evidence derived from the multi- 
plication of carefully investigated cases must the (|uestion of 
man's antiquity in North America be answered. 
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Text-Book of FaJcEontology. By Karl A. von Zittel Translatt'il 
and edited by Charles R. Eastman Ph. D.. Vol. i. Part 1, with r)0:5 
wo(k1 cuts, pp. 352. A mere translation, from Grerman into English, of 
the great t<*xt-book of professor Zittel would have been i\o small task: 
and such a work would at any time have met a hearty welcome at tlu* 
hands of American students of palieontology. Dr. Eastman, however, 
has undertaken more than a translation. With the consent and co-oi>- 
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eration of the author and "in collaboration with numerous specialists*' 
most of whom are Americans, he has undertaken to bring the text- 
book into harmony with the latest knowledge of specialists in all de- 
partments of the many-sided science of palteontology. 

Since the publication of the German edition of the text-book in 1880 
palaeontology in common with all other sciences has made great pro- 
gress. Brady's report on Foraminifera has appeared; Nicholson has 
completed his monograph on the stromatoporoids; our knowledge of 
the morphology and tJixonomy of crinoids has been enlarged by the la- 
bors of Carpenter and Bather, and by the epoch-making work of 
Wachsmuth and Springer; the publication of the results of investiga- 
tions on the Echinoidea by Duncan, Clark and others, has made it pos- 
sible to recast the classification of that group of organisms: Ulrich has 
practically created the paleontology of theBryozoa; and Beecher, Schu- 
bert, Hall and Clark have made it necessary to discard to a large ex- 
tent the old taxonomic divisions of the Brachiopoda. 

The part before us ends practically with the Brachiopoda. There 
are a few pages 314 to 352 inclusive -devoted to a general discussion 
of the Mollusca and of the class Polccypoda, but the whole subject of 
chissification of the Mollusca is reserved for the second part of volume I. 

The difference in the treatment of the several groups of fossil animals 
in the translation and revision, as compared with the original edition, 
becomes apparent at the very beginning of the volume. The classifi- 
cation of the Foraminifera has been completely recast. In place of the 
sub-orders Imjierforata and Perforata of Carpenter, the chissification 
follows Sch wager in dividing the Foraminifera into the four groups 
Chitinosa, Agglutinantia, Porcellanea, and Vitro-calcarea. The distri- 
bution of the genera in families follows somewhat closely the arrange- 
ment adopted by Bnidy. The much discussed Eozoon is relegated to 
the category of ** mineral segregations." 

In the group of sponges the departure from the arrangement of gene- 
ra and families in the original work is scarcely less marked than in the 
Foraminifera. The studies of Hinde and Ulrich, but more than ail the 
classic work of the author, since 18S9, have placed the knowledge of the 
structure and relationships of fossil sponges upon a more satisfactory 
busis. None of the previously f>ublished systems of classification, how- 
ever, has been followed in all details in the present work. 

Notwithstanding all that has been written on the systematic relations 
of the Paleozoic corals, the classification of this assemblage of organ- 
isms still remains in a very unsiitisfactory condition. The old group of 
tabulate corals is probably in worse state than any of the rest. It has 
been broken up by various authors and distributed among different 
divisions of the Alcyonaria, Hexacoralla and the Bryozoa. In the 
present work the separated members of the group are re-assembled and 
treated in an appendix to the Hexacoralla. Favosites, Halysites, Sy- 
ringopora, Aulopora and even Chajtetes and Fistulipora, here stand 
once more in their old friendly relations. This statement, however, 
ro(iuires some modification. It is true only so far as relates to the per- 
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tion of the work devoted to corals ; for when we come to the Bryozoa, 
a subject which has been largrly rewritten by Ulrich, we find the fistu- 
liporoids and monticuliix)roids separated from their fellows of the old 
Tabulata and from each other, and ranged under diflFerent ordinal di- 
visions of this interesting class of MoUuscoidea. No better disposition 
of Heliolites and Plasmopora is proposed than to leave them with the 
recent Helioix)ra under Alcyonaria. 

With some slight modifications, both in taxonomy and the termin- 
ology of the structural elements, the crinoids have been revised in ac- 
cordance with the latest published deductions of Carpenter, Bather, 
and Wachsmuth and Springer. In no group of organisms has a knowl- 
edge of the significance and homologies of structural elements pro- 
gressed more rapidly in recent years than among crinoids. In no group 
have changes of views among specialists followed each other in such 
quick succession. It may not be safe to say that further progress, in- 
volving future modifications in taxonomy, is improbable; but it may be 
affirmed that the scheme of classification presented by the work before 
us is up to date, and represents the fullest, latest, best information on 
the subject. 

The other classes of the Echinodermata may not have fared as well 
as the Crinoidea, but all are treated fully and in accordance with the 
best knowledge at hand. Billings' genus Glyptocystites seems, however, 
a little out of place in the Caryocrinidae, and the American Devonian 
genus of the Cystoidea, Strobilocystites, might have had a place in a 
text-book that will be largely used on this side of the Atlantic. 

The Bryozoa have been revised by Ulrich as already noted; and that the 
classification of the Brachiopoda is in accord with the latest determina- 
tions of structural affinities in this important group is attested by the 
fact that the chapter on the subject was revised and largely re- written 
by Schuchert. The conclusions of Hall and Clark in Paleontology of 
New York, Vol, VIII, are somewhat closely followed. 

The work undertaken by Dr. Eastman and his collaborators is one of 
great magnitude, and if the remaining portions of the text-book reflect 
the latest knowledge of the several parts of the science as does the one 
already issued, paleontologists, not only in English speaking countries, 
but throughout the world, will be placed under lasting obligations. 

8. c. 

On tlie Vevtebral Column, Fins, and Ventral Armoring of Dinich- 
thys. By Bashford Dean (Trans. N. Y. Acad. Sci., vol. xv, pp. 157- 
163. pi. vii, viii, 1896.) By means of this paper, which represents the 
author's study of a unique specimen of Dinichthys in the collection of 
Dr. William Clark, our knowledge of this interesting genus of fossil 
fishes is greatly increased. The vertebral axis and supports for the 
dorsal and ventral fins are here described for the first time, and import- 
ant relations are pointed out between them and the conditions existing 
in Coccosteus, It is noted that the dorsal fin occupies the same relative 
IK>sition in both genera, but it is **smaller and more delicate in Dinich- 
thys, the latter character being directly opposed to what might have 
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been inferred on a priori grounds." To the reviewer, this fact appears 
conlirmutory of the suggestion recently advanced that the swimming 
powers of Dinichthys were centered principally in the hinder part of 
the trunk and tail, and were in direct relation with the posterior process 
of the dorsal shield, a process which finds its most complete develop- 
ment in this genus. 

Of great interest is the author's description of the ventral armor, and 
his comparison of it with other forms. Wright's able interpretation of 
the system is supported in the main, and is at the same time completed 
by the discovery of an undoubted ventro-median plate. If Dr. Dean's 
view is correct that this element is single and undivided, the species 
presents a marked variation from the normal condition in the dinich- 
thyids, and in the Arthrodira generally; and yet, such a variation is 
readily explicable, when we consider the loose connection between the 
ventrals and their great tenuity, as a device for strengthening an other- 
wise fragile plastron. Nevertheless it must be observed that the evi- 
dence is not entirely decisive on this point, owing to the extremely 
weathered condition of the anterior portion of the ventro-median. What 
Dr. Dean considers to be the homologue of an an tero- ventro-median may 
be in reality all that is left of that very element itself, which had be- 
come displaced downward so as to overlie the ventro-median proper, 
and afterwards had suffered almost total obliteration. In any case we 
know that two elements are potentially present, an anterior and a pos- 
terior, but whether the relation between them was one of fusion or of 
suture appears to be indeterminate from the specimen itself. It is un- 
fortunate, too, that the conditions of overlap among the several plates 
are not clearly decipherable from the present specimen, nor are they in- 
dicated in Prof, von Koenen's recent description of D, minor (f). The 
precise relations of the elements constituting the ventral armoring have 
yet to be ascertained from a specimen preserved in situ, such a one, for 
instance, as was briefly noticed in the last number of the Geologist, 
(p. 222). This much, however, is already certain: namely that the ven- 
tral plates of Dinichthys are subject t<^) greater variation, even within 
specific limits, than all the others of the derm covering. One class of 
variations may be alluded to here, which is known to affect different 
individuals of one and the same species, and that is the relative length 
of the anterior ventro-laterals as compared with the posterior pair. In 
one series, (A), the former are longer than the latter, and the total 
length of the plastron is greater than in the corresix)nding series, (B), 
where the reverse condition obtains. Augmentation in length was only 
possible in a posterior direction, the anterior boundary being fixed; 
hence the first series must have had the abdomen protected by a plated* 
covering over a greater area than in the second series. Although a 
matter of pure conjecture, it is not altogether unreasonable to suppose 
that these differences were correlated with sex. c. r. e. 

Fifteenth Annual Report of the United States Geological Survey to 
the Secretary of the Interior, Jfi93-'9-i. By J. W. Powell, Director. 
(Pages xiv. 755; with 48 plates, and 29 figures in the text: Washington, 
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18d5.) The appropriations for the fiscal year here reported were $209,- 
200 for topographic work; $55,000 for engraving and printing maps; $83,- 
700 for geologic work; $14,000 for paleontologic work; $8,000 for chemi- 
cal work; and $89,740 for other purposes, — making a total of $459,640. 
Besides this amount, an additional sum of $35,000 was allotted for ex- 
penditure by the public printer in the publications of the Survey. The 
strictly geologic portion of the Survey was carried forward by twenty- 
five chiefs of divisions and heads of independent parties, whose individ- 
ual administrative reports follow that of the director. 

On June 30, 1894, ending that fiscal year, the directorship was resigned 
by major Powell, and Mr. C D. Walcott became his successor. In 
bidding farewell to his collaborators, Powell says: **Under different 
organizations I have had charge of the work for twenty-five years, In 
the beginning it was largely exploratory, but gradually, as the Survey 
expanded, it became more and more administrative, affording less time 
for research. The changes made in the i)ersonnel of the Survey have not 
been great, but steadily the scientific corps has been enlarged. . . . 
In this severance of our relations, made necessary by painful disability, 
I can not refrain from an expression of profound gratitude for the loyal 
and loving aid which they have given me, ever working together with 
zeal and wisdom to add to the sum of human knowledge. The roster of 
these honored men is found in ten-score volumes of contributions to 
knowledge, and fifty-score maps familiar to the scholars of the world. 
. May the achievements of the past be crowned with the higher 
achievements of the future! " 

This report is accompanied by )^\e special papers or memoirs on 
branches of the field work and investigations of the Survey, which are 
noticed in the following pages. w. u. 

Preliminary report on tlie Geology of the Common Roads of the United 
States. By Nathaniel Southgate Shalek. (Fifteenth Annual Report, 
U. S. Geological Survey, pp. 255-306.) An important indirect benefit 
arising from the invention of the bicycle and its extensive use, especial- 
ly in the large cities and their vicinity, is a demand for improved road 
construction. In this paper, Prof. Shaler gives an outline of the history 
of American roads, and treats of the methcxls of using stone in road 
building, the relative value of road stones, and their distribution or 
sources of supply in the United States. Basalt is found to be much the 
best material for macadam; but, in the great interior region of the Mis- 
sissippi basin and Laurentian lakes, limestones, although relatively poor 
road material, are most used because of their accessibility. w. u. 

The Potomac Formation. By Lester F. Ward. (Fifteenth U. S. 
Geol. Report, pp. 307-397; with three plates, and four figures in the text.) 
Six members, named, in their ascending order, the James River, Rappa- 
hannock, Mount Vernon, Acquia Creek, Inm Ore, and Albirupean series, 
make up the Potomac formation. The first two members are classed 
together, in view of the affinities of their fossil plants, as the Basal Po- 
Unvi'dc: these and the next two series are united under the term Older 
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Potomac; and the two higher members are called the Newer Potomac. 
**Upon the whole," writes Prof. Ward, *'I am disposed to consider the 
Potomac formation as a Cretaceous deposit, but as occupying nearly the 
whole interval from the close of the Jurassic to the base of the Upper 
Cretaceous, as that is commonly understood. The complete distribu- 
tion of its fossil plants will, I doubt not, justify this conclusion.". 

It is now ascertained, as made known quite fully in this memoir, that 
the Raritan and Amboy clays of New Jersey belong to the same epoch 
as the Newer Potomac, being somewhat earlier than the Dakota forma- 
tion. 

The total Potomac flora comprises 737 distinct forms, consisting 
chiefly of ferns, cycads, conifers, and dicotyledons, the last named class 
being represented by 92 genera and 330 species. w. u. 

Sketch of the Geology of tJie San Francisco Peninsula. By Andrew 
C. Lawson. (Fifteenth U. S. Geol. Report, pp. 399-476, with eight 
plates, and three figures in the text.) The seven terranes of this area, 
in ascending order, are (1) crystalline limestone, of unknown age; (2) 
the Montara granite, intrusive in the preceding; (3) the Franciscan se- 
ries, of Mesozoic age, resting on the eroded Montara granite, an assem- 
blage of sedimentary and volcanic rocks of great thickness, with which 
are associated various basic intrusives, notably peridotito serpentines; 
(4) a light-colored, cavernous-weathering sandstone, supposed doubt- 
fully to be of Tejon age; (5) the Monterey series, of Miocene age, chiefly 
white, siliceous shale, resting on the last; (6) the Merced series, of Plio- 
cene age, a thick volume of sediments, with one stratum of volcanic 
ash, deposited after the erosion of the Monterey terrane; and (7) the 
terrace formations, of Pleistocene and Recent age, deposited after the 
disturbance and partial denudation of the Merced series. Among these, 
the Montara granite, the Franciscan series, and the Merced series, are 
the dominant features in the geology of the peninsula. 

The development of the present physiography is found, by Dr. Law- 
son ^s investigations, to have depended on the following principal geolog- 
ical factors: (1) the formation, one after the other, of two similarly tilted 
fault blocks sloping to the northeast and precipitous to the southwest; 

(2) the presence of subordinate faults and folds in these fault blocks; 

(3) the variously resistant character of the formations constituting these 
blocks: (4) the existence of the earlier and more northern block above 
baselevel and the consequent inauguration of its sculpture before the 
second block was thrown up; (5) ensuing subsidence of the region and 
formation of the second fault block: (6) the emergence in unison of 
these two great block forms from the Pacific; (7) their sculpture as con- 
ditioned by [a) their relation to baselevel at various stages of the uplift, 
(/>) their petrographic heterogeneity, and (c) their structural complexity: 
(8) the formation, as an episode in the uplift, of marine terrace deposits 
on the lower slojjes of the fault bkwks; (9) the sculpture of these ter- 
races; (10) associated accumulation of dunes; (11) a recent subsidence: 
(12) the formation of the present tidal flats, deltas, etc.; and (13) mod- 
ern shore erosion. w. u. 



820 The American Geologist November, 1896 

Preliminary Report on the Marquette Iron-bearing District of Mich- 
igan, By Charles Richard VanHise and William Shirley Bayley. 
With a cJiapter on the Republic Trough, by Henry Lloyd Smith. 
(Fifteenth U. S. Geol. Report, pp. 477-650. with fourteen plates and 
twelve figures in the text.) The general geological map of the district 
here described, on the scale of a mile to an inch, with contour lines for 
each 50 feet, covers an extent of thirty -eight miles from the vicinity of 
Marquette west by Negauuee and Ishpeming to Michigan) me, with a 
width of nine miles, excepting that on the south it reaches three miles 
farther in the valley of the Michigamme river to Republic. The base- 
ment complex of Archoan rocks on the north comprises the Mona 
schists, Kitchi schists, gneissoid granites, hornblende-syenite, dike 
rocks, and peridotite; while on the south it is chiefly granitic, with the 
Palmer gneiss and dike rocks. 

The stratified Algonkian rocks are divided in the Lower and Upper 
Marquette series, which are regarded as equivalent with the original 
Huronian north of lake Huron. The lower series includes, in ascending 
order, the Mesnard quartzite, Kona dolomite, Wewe slate, Ajibik 
quartzite, Siamo slate, and the Negaunee formation of iron-bearing 
slates and schists, the last nam^d formation being about 1,000 feet 
thick. In the Upper Marquette series, following the same ascending 
order, are the Ishpeming quartzite, the Bijiki schist, and the Michigam- 
me and Clarksburg formations. The present thickness of each of the 
two Marquette series is about 5,000 feet, or less; and they are folded and 
fractured in a very complex manner, with much metauiorphism. 

Concerning the minute fracture and deformation of these series of 
rocks, the authors remark: **A microscopical study shows that not a cu- 
bic inch of material has escaped dynamic action. Almost every original 
grain of fair size gives evidence of interior movement. The rocks have 
been kneaded throughout. While as a further consequence of dynamic 
action there has been local faulting at various places, with two or three 

exceptions no important faults have been observed in the district 

Had the rocks which are now exposed not been deeply covered, it is 

hardly possible that the complicated folding could have occurred 

without complicated faulting." 

As in the Penokec district of Wisconsin and the Vermilion iron 
range of Minnesota, the ore deposits seem to have been formed chiefly 
after the regional folding took placo. Surface waters, bearing organic 
acids and parcolating down through the iron-bearing rocks, received 
their iron into solution, and deposited it in the rich ore bodies where 
they encountered alkaline and silica-removing waters furnished V)y the 
alteration of the adjoining igneous rocks, w. u. 

The Origin and Rdations of Centra! Marylanfl Granites. By 
Charles Rdllin Kkyes. With an Introduction on the General Rela- 
tions of the Granitic Rjcks in the Middle Atlantic Piedmont Plateau, 
by Grorok Huntinoton Williams. (Fifteenth U. S. Geol. Report, pp. 
651-740, with 22 plates, and nine figures in the text.) In the introduc- 
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tory paper, by the late Prof. Williams, he states his conclusion that the 
eastern part of the United States has no truly plutonic rocks of demon- 
strably younger age than the end of the Paleozoic era, when the Appa- 
lachian mountain belt was uplifted and folded; but they are found in 
abundance of all ages down to that time. Prom hid studies in Maryland, 
as set forth here in detail, Williams was led to believe that pegmatites, 
in some cases produced by aqueous segregation but in other cases by 
igneous intrusion, and quite similar in appearance, occur side by side. 
Summarizing the investigations of the granitic rocks of eastern central 
Maryland, Dr. Keyes finds that some of the granites are eruptive: that 
both opidote and allanite occur in the eruptive granites as original 
constituents; that muscovite is a primary mineral in the very acid 
granites of Guilford, Md.; and that certain gneisses are derived from 
granites, their schistosity being a result of orogenic movements with 
shearing and partial recrystallization. w. u. 

ReportH on Areal Geology, Slieets 1-4. (Missouri Greological Survey, 
vol. IX, 420 pp., 4 maps, 25 plates, 51 figures, 1892-1896.) The general 
plan of publication adopted by the state geologist. Dr. C. R. Keyes, is a 
single series of royal octavo volumes. The plan of the work is of a two- 
fold nature, embraced under what is called subject work and areal 
work. Eight volumes, embracing some of the results of the former, 
have already been published; the present volume is the first of the areal 
reports. As stated in the list of the publications of the Survey, the 
areal (or sheet) reports are issued in three different editions to meet the 
demands of different classes of people, in order to supply the necessary 
wants and at the same time not to compel the issuing of an unnecessar- 
ily large number of each. The editions of the areal reports are as fol- 
lows: 

First. Several reports are bound together, in cloth, with folio topo- 
graphic and geologic maps on thin bond paper and folded, the whole 
forming a volume uniform in size and style with the regular series of the 
final large octavo reports of the Missouri Survey. The first group of 
these areal reports form volume ix of the regular series, and consists of 
four parts, or reports on (1) Higginsville sheet, (2) Bevier sheet, (3) Iron 
Mountain sheet, and (4) Mine la Motte sheet. 

Second. Text same as in the first, bound in cloth as volume ix of 
the regular series, but the folio maps are unfolded, printed on heavy 
cardboard, and each enclosed in heavy paper covers. 

Third. Text of each rejwrt is bound as a separate brochure, with 
folio maps on thin paper and folded. 

The first of the sheet reports appeared in pamphlet form several years 
ago and two others more recently. The necessity of a dual arrangement 
of work in completing a thorough geological survey is obvious. On ac- 
count of the magnitude of the work the investigations must necessarily 
extend over a period of several years. The means usually provided are 
far too inadequate to extend the detailed work over a whole state in a 
single year, and consequently in the beginning of the work some areas 
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must be taken up first and finished, before others can be inquired into 
and mapped in detail. At the same time the work on various topics 
may go on over the whole region and the results of the investigations on 
the various deposits published and given to the public long before all 
the work of all the counties or districts is done. By careful planning 
beforehand there arises no duplication of work nor publication, and the 
reports meet the wants of two large classes of people — the one seeking 
information of a general character for the state as a whole, together 
with detailed information concerning the particular adaptabilities, ac- 
cessibility, etc., of the different mineral substances; the other seeking 
detailed information regarding particular localities. The strictly scien- 
tific aspects are treated in the same manner. u. 8. «. 

A Preliminary Report upon the Florida Parisli^s of East Louisiana 
and the Bluff, Prairie and Hill Lands of Southicest Louisiana. By W. 
W. Clendenin, Geologist, April, 1896. pp. 161-256. One must needs 
look everywhere now for information if one would remain posted on ge- 
ological literature. Time was once when a few periodicals or a few 
state surveys published all the geological papers there were. Nowadays 
we have general periodicals and special ones: scientific society proceed- 
ings by the score: bulletins of museums; accounts of private or public 
explorations: state and national surveys. The latest place in which one 
must look is in the file of publications of the Agricultural Experiment 
stations, that have sprung up like mushrooms in the last few years. 
Fostered by the general government and with a guaranteed subsidy of 
$20,000 per annum, to be gradually increased until it reaches $25,000,poor 
indeed, is the State that cannot afford to set apart some portion of its 
domain as an experimental farm. Some of these stations have assumed 
work of a sort that seems, at first sight, outside of their legitimate 
sphere. Although in the cases where it would not be otherwise done, 
they are justified in inaugurating it. Louisiana, for example, has set on 
foot a geological reconnoissance of which three parts have been pub- 
lished. The first two, under the direction of OttoLerch, were published 
in 1892 and 1893,* the third is the one at present under notice. 

The **Florida Parishes" belong to that part of Louisiana that was 
not included in the Louisiana purchase, but was acquired later by **oc- 
cupation'' by the Americans. The district reported on lies south of the 
31st parallel and between the Pearl and the Mississippi rivers. South- 
western Louisiana, reported upon, is to the west of the Atchafalaya river 
to the Sabine, "south of the latitude of Alexandria." Naturally in a 
survey like this, agricultural rather than geological, more attention is 
given to the soils than to the rocks making them or to the terranes to 
which they belong. While at the same time it is not an easy matter to 
trace the geological history where natural sections are few and where 
the alluvial covering is so extensive. After describing briefly the topo- 
graphic features of the country, it is noted that the Columbia and the 
LaFayette formations are those chiefly occurring. Soils and economic 

♦A Preliminary report uiK>n the Hills of Louisiana, north of the VicksburK. 
ShrovejKjrt and Pacific railroad. Parts I and II. pp. 160. 
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products (mineral and vegetable), are dealt with mainly, but in the last 
section a number of well sections and a fev others are found. 

Tacked on to the geological report is a botanical one, in which Prof. 
Dodson gives lists of "Trees" (evergreens), "Oaks,'' •*Trees and shrubs of 
minor importance," etc. These lists do not, of course, pretend to be 
complete. They show, unfortunately, quite careless proof-reading. O 
frequently masquerades as a and vice versa, and u is quite often rep- 
resented by n. Some of the mistakes are quite inexcusable. 

As very little has heretofore been written regarding Louisiana geology 
one must needs be grateful for what is now accorded. j. f. J. 
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Prof. Lf^ley's final report. This **final summary" of the geology 
of Pennsylvania* has, after some years, been completed, and it is a fit- 
ting conclusion of the second geological survey of Pennsylvania. It is 
largely the work of the veteran geologist, J. P. Lesley, and the world 
owes him a debt of gratitude. The citizens of the Keystone state, too, 
may well be proud of the monument he has reared for them. While 
there is no State that has not at some time or other had a geological 
survey, there are few that can boast of any summary of the knowledge 
gained by the years of research. The details of a survey are of vast 
importance to the scientific world, but it is the results that a majority 
of persons desire. Too often these results are so hidden away among 
the mass of details that they are totally obscured, or are, at best, inac- 
cessible. But in these volumes we have an epitome of many thousands 
of printed pages, facts garnered from many volumes and arranged in 
great part by a master hand. For, besides representing to the general 
public the work they have paid for for so many years, the volumes give 
to the scientific world the opinions of a geologist whom all must honor, on 
many subjects that are discussed in the geological world; and above all, 
it is written in a clear and charming style, far diflferent from the too 
often dry method of the ordinary geological report. It is unfortunate 
that Prof. Lesley could not have written the whole, for a large portion 
of the last volumes is by other hands, and Jacks the animated method 
of the first 1,800 pages. 

There are but few problems that have confronted geologists upon 
which Prof. Lesley does not touch, and they are discussed in plain "Sax- 
on English," the author preferring "before and after or before and 
behind to anterior and posterior, and overlaid and underlaid to super- 
imposed and subjacent." (p. iv.) 

The first volume opens with several chapters on general geology in 
which are discussed geological time, dimensions, sections, etc. His re- 

•A Summary Description of the Geology op Pennsylvania. Harrisburfr, 1892- 
9r>, :{ vol.x. in 4, with index and atlan, pp. xix, 26:^8, pi. 611. 
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marks in regard to the first, (geological time) are very apt, and we quote 
them to give an idea of the writer's style. The ordinary ideas of time 
cannot be applied in geology because they so far exceed all ordinary 
modes of measurement. Geologj- deals with such vjist time epochs that 
for all practical purposes time is infinite. **Science, especially the sci- 
ence of geology, dispenses time as the commonest drug in the market of 
the universe." 

**The idea of precise time is the product of the routine of civilized 
human existence. It is unknown in the vegetable and animal worlds; 
it is disregarded by nomadic races. The idea took root when the home 
was organized by women and meals were cooked at fixed hours of the 
day. It became confirmed when superstition organized priestcraft, and 
religious ceremonies demanded a calendar. The moon was the first 
clock. . . . Even now, with all the chronometers of Christendom, 
it is still a fact that nineteen-twentieths of the human race have never 
seen a clock, and have no practical need of one." (p. 7.) 

Several examples are given of the methods of estimating geological 
time, as from the rate of deposit or the rate of erosion. He does not be- 
lieve, however, in the elaborate methods adopted by some to estimate 
the age of the earth, although erosion can be used as a rough means of 
estimation. So that basing the rate of erosion in the Juniata valley at 
one foot in 1,500 years, and calculating the average elevation of the 
country originally at 9,000 feet, some 13,500,000 years would have to 
elapse to bring the country to its present level. 

Prof. Lesley is not a believer in the theory of the permanence of 
continents and oceanic basins, remarking (p. 37): '*The two thoughts 
which are here fundamental to the knowledge of our Pen nsylvanian ge- 
ology are these: (1) that what was the continental area of crystalline 
rocks became by the downward movements of the earth's crust an Appa- 
lachian sea basin of unknown depth, and was in the course of the Cam- 
brian, Silurian, Devonian and Carboniferous ages so completely filled 
up as to become at best a great marsh or archipelago of marshes, bear- 
ing the vegetation of the coal; and (2j that this whole area was then 
lifted high into the air; that a cor resiK)u ding contemporaneous move- 
ment established the Atlantic ocean or parts of it, as the thrust which 
elevated the Appalachians came from that direction: and that submer- 
gence of other lands of the world must have been occasioned by the 
general rise of the sea level.'' 

Dr. Walcott has expressed his belief that the st^diments of the Lower 
Cambrian were deposited in troughs extending northeast and south- 
west along a continental maps lying to the westward; but Prof. Lesley 
believes the sediments of the whole Paleozic period, from the Cambrian 
to the Carboniferous were derived from a continental mass lying to the 
eastward, and that when the Mesozoic began "a genuine cataclysm" 
prcxluced the continental area of the United States. For he says: *'The 
overthrust faults are of themselves alone sufficient to prove it. A belt 
of parallel mountains, as high as any that now exist in South America 
or Asia, rose into the air along a line extendinjr from the St. Lawrence 
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to the gulf of Mexico, passing through Pennsylvania. The whole Appa- 
lachian sea was drained oflp and became dry land, a continental area of 
coal measures, much of which has since been carried away, but much 
still remains, constituting the extensive coal fields of the present time. 
The whole rain water drainage was reversed. The Palaeozoic river sys- 
tem, which came from the east, disappeared and a new Mesozoic river 
system began to dissolve the raw continent and carry its undried strata 
piecemeal eastward into the newly-created basin of the present Atlan- 
tic ocean." (p. 48.) 

In the discussion of the Azoic rocks the statement is made that as far 
as the Pennsylvanian region is concerned, the irregularity is so great 
that it has been impossible **to classify its rocks into a series of forma- 
tions, or even to show with any satisfaction the course of the outcrops 
on the map. All that can be said about them is that they are a badly 
crumpled-up mass of strata, of unknown thickness, all more or less thor- 
oughly crystallized, of every grade of thick and thin-beddedness, of 
every tint of gray from nearly white to nearly black, with nearly every 
possible mixture of quartz, feldspar, hornblende, magnetite and mica, 
some of them being a syenite, some a granite, some a granulite, some a 
hornblende-schist, some a mica-schist, some a magnetic iron ore; and 
all of these kinds passing into one another, and overlying one another, 
as if the original sediments (if sediments they were) were of the most 
mixed and varied character, yet all derived from essentially one source, 
and belonging to one age, an age, moreover, not over-rich in lime and 
magnesia, if we may judge of it by the absence of crystalline limestone 
beds and beds of talc or serpentine." (pp. 67-68.) 

The Archiean rocks are considered to be partly of volcanic and partly 
of sedimentary origin, and the arguments for or against each theory are 
very fully examined. The term Iluronian as applied to a certain series 
of rocks is considered to be applicable only to those rocks exposed along 
the northern boundary of the United States. **Should a similar series 
appear in some other region and be called Huronian on account of the 
resemblance, the name would have no time-value whatever; unless we 
should imagine that in a so-called Huronian age the whole surface of the 
planet was stuccoed with a certain formation; and received successive 
(!oat \ of other kinds of rocks in after ages. And in fact this is a popu- 
lar view, but absolutely false." (p. 157.) 

So Prof. Lesley goes on to state what seems to be so often forgotten 
when strata of widely separated regions are correlated, how improbable 
it is that the sediments of two organic basins would be similar, remark- 
ing: "If Huronian strata existed elsewhere [than in the typical region] 
it would be around the Laurentian mass of the Adirondack mountains, 
in northern New York. Hut they are not to be found there. To say 
that they once covered the granite and gneiss of that country, but have 
been removed, would be to beg the question. It is not to be imagined 
that 18,000 or even 10,000 feet of such rocks could be removed without 
leaving a trace behind. The small exhibition of specular iron ore and 
slate in St. Lawrence county can not l>e accepted as an equivalent of 
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the HuroniaD system merely because it underlies the Potsdam sand- 
stone and suggests the Marquette ores; especially in the face of the fact 
that Marquette iron ores are not represented in the section along lake 
Huron, nor do they immediately underlie the Potsdam sandstone on 
lake Superior." (p. 158.) Similar remarks are made (m page 162. 

As regards the Potsdam sandstone or Formation No. I, Prof. Lesley 
considers it to be unproved that the real Potsdam of New York extends 
as far as southern Pennsylvania, and he believes that the Chiques sand- 
utone is the best name for the Pennsylvanian outcrop. It is the Primal 
sandstone of Rogers and is more of a quartzite than a sandstone. Sco- 
Hthus linearis is the only fossil mentioned by Prof. Lesley, although 
others have since been found. 

Following the discussion of the economic features of Formation No. 

I, mainly iron mines, is an interesting chapter on the Great Valley 
(Chap. XXII), and then is taken up the description of Formation No. 

II, the equivalent of the Calciferous, Chazy and Trenton of New York. 
It would occupy too much space and extend this notice to an unrea- 
sonable length to note the many interesting facts presented by Prof. 
Lesley in his graphic style. Some things, however, seem worthy of 
special notice. In discussing, for example, the thickness of Formation 
No. IV, including the Oneida and Medina of the New York series, ho 
notes the lack of uniformity in all oceanic deposits and enforces his 
statement with the following remarks: 

**The Iwttom of a formation in one place may not exactly corresjxjnd 
to its bottom in another place; and the same is true of its top. Nature 
has never written its historical memoir of geological operations in dis- 
tinct and well-rounded sentences; has never numbered and headed its 
chapters; has seldom drawn strong black lines between its paragraphs. 
The formations grade and fade away into each other; and that both 
downward and upward: and the geologist who attempts to measure any 
formation at any place must simply do his best to select some bottom 
rock to begin it with and some top rock to end it with. But in doing 
this he is always liable to mistake. He must make his own selections 
on his own responsibility. Ho can never confidently assert that the bot- 
tom and the top of his formations are established facts of science. 
When he multiplies his measurements of a formation in various places 
in order to obtain by comparison a knowledge of its variations in thick- 
ness, he subjects himself to the risk of multiplying his errors. Some- 
times, indeed, a special bed at the bottom or at the top of a formation 
is so flagrantly different in constitution, in color, or in its fossil forms, 
from all the other beds near it that he can adopt it as a key rock with 
considerable confidence. But this is rarely the case: and even when 
such a key rock presents itself in one part of his district and another 
such key rock almost or exactly like it presents itself in another part of 
his district there is always a possibility that the two are not continuous; 
that they were not deposited at exactly the same time throughout the 
region; and that perhaps nature has repeated the deposit locally and 
subsequently." (p. 029.) 
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Paleontologists might object to this statement and say that fossils 
furnish a sure guide to the contemporaneity of formations. But it must 
not be forgotten that fossils are not strictly limited in range in many 
cases; and even when individual species are limited the fauna as a whole 
is not. Facts in geographical distribution at the present time should 
teach the difficulty and precariousness of generalizations as to range in 
former times. The genus Sequoia is living now in America, but it 
lived in Europe during the Tertiar}'. Were the species to become extinct 
now, a correlation of deposits in the two continents and their reference 
to the same time period would be obviously an error. This is only one 
instance out of many that might be cited. 

The subject is still further considered by Prof. Lesley in his discussion 
of the separation of the Hudscm River slate and Medina shales. In Bed- 
ford county the Oneida sandstone is absent and the Hudson River slates 
pass without any break into Medina shales. Hence the inference is 
drawn that as there is no indication of an elevation of the sea bottom to 
dry land, the absence of the Oneida **i8 really and surely due to the fact 
that the sediments were floated further out into deep water according 
to their fineness, until at length the finest material was exhausted, or, 
mingled with equally fine material, floated in from other directions." 
(p. 665.) At the Lehigh water-gjip, while the Oneida is present, it rests 
conformably upon the Hudson River sandy slates, and these uppermost 
beds contain thin beds of sandstone, and there is thus a regular passage 
from the fine beds of the Hudson River to the coarser beds of the Me- 
dina; *'and yet the transition is in fact instantaneous; as if a vast 
quantity of gravel was depo«ite<l uptm a level sea bottom of dark sandy 
mud." (p. 676.) 

So, too, at Port Jarvis, the Oneida and Medina pass into each other, 
by a series of alternations of white and red beds. **The bottom Medina 
beds (next over the Oneida) are all sandstone, made up of grains of 
quartz, some of them ccmtaining small i)ebbles of whit« quartz, inter- 
stratified with soft shales; while the upper Medina beds are nearly all 
reddish shale (much split by cross cleavage) interleaved with thick red 
and grayish sandstone beds" (p. G77). 

The student of topography will find in Chapter LII (pp. 681-711) an 
interesting discussion of the topographical features of middle Pennsyl- 
vania. This is a mountainous rejrion and the chapter is a succinct his- 
tory of the mountains in their geological aspect. 

Volume two is occupied with tho Upper Silurian and Devonian fur- 
mations as volume one was with the Laurentian, Cambrian and 
Silurian. In Formation No. V, wo find included the Clinton, Ka 
and Salina of the New York system. The contacts of this with SCu. IT 
below and No. VI above are indefinite and difficult to locate. 

eral thickness of tho formation is about 200 feet, but the kicaJ 

are very sudden and very great. The beds are mostly <le^t«t«.team|| 
remains. One remarkable feature is that the Niagara " 
well developed in New York, can not he certainly HMX^tUMfi j^ 



328 The American GeoloyisL November, 180« 

Hylvania. The Clinton, on the other hand, is an important factor in 
the state inasmuch as it contains a large amount of iron ore. 

The Lower Helderberg, Formation No. VI, while only a few hundred 
feet thick is interesting from its fossil remains. **A crisis in the Pale- 
ozoic history is approaching. The sea is shallowing. Living creatures 
are becoming more and more abundant. The smaller shells which lived 
before are replaced by, or have developed into larger shells; and among 
the trilobites appear articulated animals rivalling in size our modern 
lobsters. A world of coral-like animals flourish in extensive reefs: and 
the bed of the ocean becomes a floor of sponges. It is the age of Strom - 
atopora and Eurypterus. Suddenly this wonderful exhibition comes to 
an end. An invasion of sharp sand grains with a proportion of clay and 
a tincture of lime, Formation No. VII [Oriskany of New York], invades 
the ocean and covers up the dead body of its animal life. Almost a new 
order of nature is inaugurated; new species and genera of animals ap- 
pear; the great bucklered fish take possession of the sea; trilobites 
change their character and live in diminished numbers; black mud is 
poured from the rivers and settles upon the ocean bed: the first intima- 
tion of the creation of coal is given for a moment and then withdrawn: 
the great water basin deepens; and ten thousand feet of sandy and 
muddy deposits fill it up again; until, finally, the age of the true Coal 
Measures sets in and the Palaeozoic record of the world is made com- 
plete" (pp. 898-899). 

A graphic picture truly of geological change in the Lower Helderberg 
age. The variations in deposits, the great profusion of organic forms, 
and its wide distribution are all commented upon. The wonderful 
Stromatopora reef or bed is also discussed. 

The Oriskany sandstone {Areakana is considered the correct name, 
p. 1034) is considered to mark the boundary between Palaeozoic and De- 
vonian strata. The Cauda-galli grit is regarded as probably the top 
member of the Oriskany rather than the basal member of the Upper 
Helderberg. This last is divided into seven beds, Corniferous, Marcel - 
lus, Hamilton, Tully, Genesee, Portage and Chemung, in ascending 
order, and each one is described in detail. Some interesting remarks on 
Spirifera are found on pages 1391-3395. In the Chemung occurs the 
Venango oil sand and this is described in great detail. 

Prof. Lesley's work in this Final Summary closes at page 185;} in vol- 
ume 3, and the remaining pages, devoted to the anthracite and bitumin 
ous coal fields, are by other hands. Mr. E. V. d'Invilliers describes the 
Mauch Chunk red shale, Pottsville conglomerate and the bituminous 
coal districts, while Mr. A. D. W. Smith untertakes the anthracite coal 
districts. The latter is considered first and the wonderful growth of 
the industry is manifest when it is noted that from 1840, when the an- 
nual prtxluct was about one million tons, it had increased in 1880 to 
25,000,000 tons, and in 1893 to 48,ie5,306 tons. This was valued at 885,- 
687,078 and the vast amount was taken from an area of 484 square miles. 
It was exceeded only by the output of bituminous coal, valued at $122,- 
751,618, produced by mines covering an area of 200,000 square miles. 
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The great extent and value of the Carboniferous formations render 
detailed descriptions necessary, and as a consequence about 670 pages 
(1916 to 2588) are devoted to it. There are large numbers of sections 
and maps and the treatment is as exhaustive as could be made in the 
space at command. There is a noticeable lack of remarks, conclusions 
and suggestions such as characterize the first portion of the summary 
by Prof. Lesley. 

The last part of the last volume is occupied by a description of the 
**New Red" rocks of Berks and Montgomery counties, by Benj. S. Ly- 
man. It is a succinct account of this formation. 

Taking the volumes as a whole, the **summary" is a success and a 
credit to the authors, especially to Prof. Lesley, and to the State. The 
great number of plates makes it useful and interesting to many who 
might find the text dry. Some typographical errors have crept in, but 
this is not surprising when the mass of material to be gone over is con- 
sidered. J. F. James, M. D. 

HigJiam, Mass.j Aug. ^7, 1S96. 

Good Ground, Long Island. The Montauk division of the Long 
Island railroad leaves the terminal moraine at Jamaica, going east, and 
runs south of it for the distance of about seventy miles until the sta- 
tion of GockI Ground is reached, about a mile and a half west of the 
Shinnecock range of hills. The southeastern portion of the frontal 
plain — the overwash of the glacier — is almost valueless for agricultural 
purposes. Good Ground, as its name implies, seems to be an excep- 
tion. On the fourth of July last, the writer paid a visit to this inter- 
esting locality for the purpose of observation. A short ride on the car 
from Eastport brought me to the station at Grood Ground. 

The terminal moraine lies between the station and Peconic bay, and 
a journey of about a mile and a half on foot brings the traveler to 
Squire's Grove, situated on the southern shore of this beautiful expanse 
of water above named. The so-called englacial till is not very deep, 
and covers stratified beds of sand and gravel which are exposed in the 
banks along the country road. The boulders are quite plentiful and 
lie very near the surface. They consist for the most part of gneissic 
granite, trap, and sandstone, doubtless brought over from Connecticut. 

On nearing the bay, I could see the old familiar water channels 
branching out from it. One large arm stretches out through Squire - 
town to the southwest, forming a valley in which are some of the best 
farm lands. On reaching the beach, the inlet to the Canoe Place canal 
is about a mile to the east, with a high bluff intervening. Part of the 
bluff has been worn away by the inroads of the tides, and the beach is 
lined with boulders that lie like herds of cattle along the pebbly shore; 
many of them are larger than a good-sized ox. One can hardly realize 
that they have been transported so far from their native bed, and there 
is little wonder that the primitive mind regarded them with supersti- 
tious awe. The Long Island Indians had their legends as to their ori- 
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gin. It was said that his Satanic majesty, whose home it seems was 
on Long Island, had ventured over to the mainland at a place known as 
the "stepping stones." Having got in trouble with the spirits on the 
opposite side of the sound, he was forcetl to retreat; and, in order to 
have revenge, he gathered together all the stones he could lind in the 
Coram hills, determined to hurl them at the heads of the primitive 
yankees on the opposite shore. It seems that the Evil One, however, 
failed to expend all of his ammunition, much of it having been left all 
along the north side of the island. The legend would account equally 
well for the scarcity of erratics on the side fronting the ocean. 

It was natural, also, for early writers on the formation of the island 
to conjecture that, during some convulsion of nature, this small frag- 
ment of the American continent slid off from the mainland, as this little 
isle by the sea is chiefly composed of debris brought here from the re- 
gions north of the sound. 

In my walk along the l>each to the Canoe Place canal, I had time to 
examine the face of the bluff. The formations were somewhat ob- 
scured by washings from the clay deiK)8it above : but it was easily seen 
that nearly the whole bluff, some fifty fe<»t in hight is composed of 
stratified sand and gravel with some thin layers of laminated clays. In 
previous papers published in the American Geolo(ji8T, I have called 
attention to the fact that wherever the glacial HckkIs were great, the 
material in consequence was carried farther southward, so here at 
Grood Ground, where the moraine is much broken and indented by 
these old river channels, the marginal kames become quite prominent 
and run out as far south jis the Shinnecock bay. Even the moraine 
proper, as we have notetl, is very fluvial in character. 

The Canoe Place depression nearly cuts the island in two. The Pe- 
conic and Shinnecock bays were doubtless at one time connected, and 
this connection has been restoretl by artificial means, a canal having 
been constructed across the narrow isthmus. A little further east, an- 
other arm of the Peconic bay stretches out towards Southampton, and 
between these two arms are embraced the Shinn(»cock hills. These 
are really marginal kames without the moraines. The till is very light 
and the soil therefore not so fertile as that of Gotxl Ground, where the 
main morainic belt or "back bone" of this island has been more fully 
preserved. 

The farmers of the south side of Long Island have learned, without 
knowing the cause, that the nearer they get to the ridge -the terminal 
moraine— the more fruitful is the soil. Of course glacialists will under- 
stand why this is so, as in general the glaciated portion is more pro- 
ductive than the unglaciated. 

The region of the Shinnecock hills is full of interest, and it is worthy 
of note that the late Prof. James D. Dana, not long before his death, 
found the key that seems to unlock some of the mysteries of this won- 
der-land.* In a paper on Long Island sound in the Quatt^rnary era, he 

♦Am. Journal of Science, third series, vol. 40, p. 420. 
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says: — "Along the middle third of the sound the depth in the larger 
part is only 10 to IS^^g fathoms. There is near the southern shore, how- 
ever, a depression of 20 to 25 fathoms. It ends with abruptness about 
a mile and a half from the shore with a depth of I8I4, 11 J^, 10, and 9 
fathoms.'* This abrupt termination is thirty miles short of the outlet 
to the sound, and is nearly opposite the Mattituck pond, which almost 
connects with Peconic bay. Professor Dana was quite confident.that 
a relationship existed between them in glacial times. 

The present writer had arrived at the same conclusion by independ- 
ent investigation. Not only this, but on a visit to Mattituck during 
the summer of 1893, I could see, what perhaps had never occurred to 
Dana, a connection between the Mattituck depression and Canoe Place. 
At least it was very suggestive that this break in the terminal moraine 
should occur nearly in a lino with the deep depression referred to in 
the bed of the sound. The suggestion, of course, came naturally enough, 
as I bad made a study of the same phenomenon on the west end of the 
island, where the bay depressions on the south side of the sound had 
been followed up through the moraines to the sea. All the connections 
between the Mattituck depression and Canoe Place are lost in the wa- 
ters of Peconic bay; but when it is understood that the same conditions 
prevailed here, during the Glacial period, as on the west end of the 
island, the conclusion stated was easily arrived at. In fact, I had 
suggested this some years previously to my visit to Mattituck, and be- 
fore I had seen Prof. Dana's paper in regard to the sound depression. 
In a pamphlet on the formation of Long Island, published in 1884, I 
said: *'Block Island sound, Gardiner's, Great and Little Peconic bays, 
were originally formed by subglacial streams, that came from the main- 
land, and are merely the counterpart of the depressions and basins 
on the west end of the island." I mention this because it was very 
gratifying to find my conjecture seemingly confirmed by subsequent 
investigation. 

The visit to Good Ground and Canoe Place was full of interest, not 
only on account oi these geological problems, but there was much to 
remind me of my native homa across the ocean, especially in the Shin- 
necock hills, which rise beyond Canoe Place to an elevation of 140 feet. 
Some writer has said, "Looking at them, where no villa is in sight, one 
is forcibly reminded of the description of the moors of Lorna Doone." 

Edstport^ L. /., N. Y. John Bryson. 

A Gkanite Boulder near Pittsburgh, Pa. While geologizing 
around Carnogie, (formerly called Mansfield), in Allegheny Co., Penna., 
on August 30, this year, at a point just about 6 miles southwest of the 
confiuence of the Allegheny and Monongahela rivers at Pittsburgh, 
naiii<'ly about 500 feet northeast of Woodville station in Scott township 
on the P. R. R., in the bed of Scrubgrass run, I stumbled upon a very 
masHivo well-rounded erratic of red granite. 

This boulder was partially embedded in the gravel and mud of the 
stream, but is apparently about 2 feet 9 inches in diameter, and proba- 
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bly weighs 1,100 or 1,200 lbs. A large area of its upper or exposed sur- 
face is fairly well-smof)tbed and striated. As at one place upon it there 
was a tendency to peel. I was able to knock off a small specimen, a part 
of which I have the pleasure to send you herewith. My reasons for be- 
lieving that this boulder is a genuine glacial -period one, and nearly in 
place, may be stated thus: 

1. In composition it is much like other erratics found north of the 
moraine as mapped by the Second Greological Survey of Pennsylvania. 

2. It is in just such a position as erratics occur and are commonly 
seen in typical boulder-areas. 

3. As above stated it bears marked evidence of glacial smoothing and 
scraping. 

4. It is similar to other boulders in shape and form, namely, rounded. 

5. Unlikely to have been derived from the bed of coal (the *• Pitts- 
burgh bed"), or its associated strata, which outcrop about 24 feet above 
the site at this place, and where there is a coal mine in operation : be- 
cause most erratics found in or in contact with coal are stained black on 
the outside, while this one is not. Moreover I have never heard of a 
granite boulder having been found in the coal measures of western 
Pennsylvania, though I have seen one of limestone in the 10-inch bed of 
fireclay directly overlying the workable portion of the '"Pittsburgh" 
bed at the Guffey mine about 20 miles to the south of Woodville ; and 
possess one, of quartzite, that was taken out of the '^Mammoth" bed 
of anthracite at Mount Carmel, Pa. 

6. Such boulders are never shipped (at least I never heard of such a 
thing) in freight or coal cars, esi)ecially to coal-mines located in the 
country. Such a stone as this one would be very awkward to handle 
into a car, and I can conceive of no purpose or object in shipping such 
a thing at all excepting possibly to a museum. 

The st(mes in the stream where this granite boulder was observed ap- 
peared to be all of coal-measure origin, namely, — limestone, sandstone, 
iron ore, grit, black slate, etc. The elevation of this boulder would be 
about 800 feet above tide level. The nearest erratic, (a small, smooth 
boulder composed of dark greenish, very hard, volcanic rock,) I have 
met with to the north of this red granite boulder, was on a hill side at 
New Brighton, Pa., a locality also several miles south of the line of the 
great moraine as mapped by the Penn. Geol. Survey. 

This boulder therefore shows that the southern margin of the glacial 
moraine, as mapped in southwestern Pennsylvania, should bo extended 
some 25 miles south, in that region. W. S. Greslev. 

Erie, Pa.. Sep. 30, 189(5. 

Mr. Sardkson and Fossil Tabulates. In the July number of the 
American Geologist, Mr. Sardeson does me the honor to reply to a 
critique of his paper, '' Ueber die Beziehungon der fossilen Tabulaten 
zu den Alcyonarien." The fact that he there adduces one misstate- 
ment made by me and alleges others, seems to call for soine notice on 
my yjart. In general, I wish to assure Mr. Sardeson that the unnamed 
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inaccuracies which he charges, were unintentional, that the purpose 
was anything but to show disrespect to himself or his reverend instruct- 
ors, that the animys was only that which depires scientific truth, and 
the advanced and accurate methods which are calculated to secure it. 

The single inaccuracy specifically mentioned will be found to be that 
of Mr. Sardeson himself, and is apparent only upon removing the 
expressi(m quoted by him from its proper context. The paragraph in 
question reads as follows: *' But the most serious arraign uient I have 
to make of the general method employed is that in a paper of over one 
hundred pages, a paper which is systematic in its purpose if it is any- 
thing, the preeminent value of embryologic phases as phylogenetic fac- 
tors is entirely overlooked or slighted. Indeed, the statement is so gen- 
erally true that it may be made without modificati(m. that nowhere has 
the writer used either embryologic stages or the su(!cespion of organic 
t>'pes in geologic time, as a proof, or as a check upon his work. Not 
only not performing investigations himself, but not even taking advan- 
tage of investigations already made, whether in the field of aoology or 
palaeontology, he pursues a theoretic course independent of facts of 
supreme importance ready to his hand." (American Geologist, vol. 
xviii, p. 38, line 33 et seq.) In this connection my meaning, I h()pe,is quite 
clear, that Mr. Sardeson has not directed his studies by truly 
phylogenetic principles, to the ontogeny of the individual. And 
this I believe is true. To state that he did not personally investigate 
the forms he discusses would be as great folly in me as it is in him to 
imply that I did so, and my own statement, if I had in mind to make 
such, would be contradicted by another on the next page (1. c, p. 39, 
line 43.) "To discuss a particular case, one to which Mr. Sardepon has 
given more personal study, perhaps than to any other, etc." 

Indeed, I do not wish to impeach Mr. Sardeson as a careful and 
truth-telling observer ; it is his deductions and his scientific method 
which in this case I call in question. 

As to the apparent oversight of my own notes on Favosites, pub- 
lished in March, 1895 (American Geologist, vol. xv, pp. 131-146), that 
is quite satisfactorily explained by Mr. Sardeson on the basis of its 
near contemporaneity with his own work. But the same is not true of 
the careful studies of Michelinia (Pleurodictyum) and Favosites pub- 
lished by C. E. Beecher in 1891 (Trans. Conn. Acad., vol. 8, p. 217.) 

George H. Girty. 



PERSONAL AND SCIENTIFIC NEWS. 



Massachcsetts Institute of Technology. Mr. George H. 
Barton has been appointed assistant professor of geology, and 
Mu. Amadeus W. Grabau instructor in geology. 

Dr. J. W. Spencer spent the past summer in Norway, giv- 
ing muc'h attention to geological observations, and returned 
in season to attend the meeting of the American Association. 
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Mr. Oscak H. Hershsy, during September, has studied 
the Tertiary baseleveiing, the glacial drift, and Quat<?rnary 
changes of stream courses, in the upper Mississippi drainage 
area from St. Paul to Brainerd, Minn, 

Cost op European Geological Surveys. Under this title 
Mr. E. a. Schneider presents an article (which is to be con- 
tinued) in the Eiujineering and Mining Journal iov Oct. 16th. 
The surveys thus far mentioned are those of Russia and Ger- 
many. 

State and National Geological Surveys. Under the title 
** Entwicklung, Organisation und Leistungen der geologischen 
Landesaufnahmen in der Vereinigten Staaten von Nordamer- 
ika," M. Klittke gives {Zeilschrift fiir praktische Geologies 
June and August) an account of the various state and nation- 
al organizations which have conducted geological work in the 
United States. All of the August number of the magazine (63 
pages) is devoted to a description of the work and publica- 
tions of the different state surveys. 

Mr. George ¥. Bp:cker, of the United States Geological 
Survey, has returned to Washington after an absence of six 
months in South Africa. He visited the diamond mines at 
Kimbe.-ley, but spent most of his time near Johannesburg^ 
studying the gold deposits. A projected trip through the 
Chartered Company's territory was prevented by the Kalfir 
w^ar. Mr. Becker expects to print some of his results during 
the winter, but probably in England, his data having been 
collected at the expense of English capitalists. — {Science.) 

The Chicago Academy of Sciences in June, 1892, decided 
to inaugurate the "Geological and Natural History Survey" of 
this Academy, the object being to investigate and report on 
the geology, topography, zoology and botany of the vicinity of 
Chicago. The first bulletin (The lichen-ttora of Chicago and 
vicinity, by W. W. Calkins) of the Survey has already been 
issued. There are several other bulletins in course of prepa- 
ration, the followingrelating to geological subjects : The drift 
of the Chicago area, by Frank Leverett; Boring records of 
Chicago and vicinity ; Paheontology, by M. Fischer and W. 
C. Egan; Minerals, by C. M. Higginson. 

Prof. Alexander H. Green, the successor of Prestwich in 
the chair of Geology in the University of Oxford, died Au- 
gust 19, at the age oi* sixty-four years, having been born at 
Maidstone, Eng., Oct. 10, 18H2. He was educated at Cam- 
bridge, and entered geological work as an assistant on the 
survey of Great Britain in 1861, where he served fourteen 
years. In 1875 he became professor of goology in the York- 
shire College, Leeds. As an author, Prof. (:Jroen was widely 
known for his excellent manual of Ph^'sical Geolog3\ and he 
also contributed occasional papers to the Geological Magazine 
and the Quarterly Journal of the Geol(>gical Society. 
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Messrs. J. K. Spukr, H. B. Goodrich and F. C. Schrader* 
of the United States Geological Survey, arrived in San Fran- 
cisco this week [Oct. 17, 1896J. They were sent by the de- 
partment to Alaska last sprinf]^ to report on the prospects of 
(juartz mining in that region. They crossed the Chilkat pass 
and rea(?hed the upper Yukon about the middle of June, 
(roing down the Yukon river, and pursuing their investiga- 
tions at the various mining settlements on their way, they 
reached Fort St. Michaels, at th<» mouth of the Yukon, three 
months ago. They believe that the i)ro8pects for profitable 
quartz mining are very good, and they \\\\\ make a report to 
that effect. — [Kiicj. ayul Mining Journal.) 

The Peary Greenland Kxpedition of 1896. 

Lieut. Peary's expedition steamer Hope, which sailed in 
July with its party for scientific observations in Greenland, 
reached North Sydney, Cape Breton, September 2(5th. One 
(ii vision of tfie party, with Prof. George H. Barton, was landed 
for a considc^rable stay near Disco island ; another, with Prof. 
Alfred Burton, at the Umanak fjord; and a third division, 
with Prof. Ralph S. Tarr. on the shore of Melville bay. 

In Srience for October 9th (pages 520-528), Prof. Tarr 
gives a brief narrative of the voyage, and notes of portions of 
his observations on Big island in Hudson strait, on the ad- 
joining southern part of BafHn land, on the Nugsuak penin- 
sula, and in the vicinity of the Devil's Thumb, Melville bay. 
He found evidcnices of the former extension of the Greenland 
ice-sheet beyond the extremity of the Nugsuak, to the Duck 
islands, eiglit to ten miles out to sea, where it bad a thick- 
ness of not less than 800 feet at a distance of thirty-two miles 
from the limits of the present glaciation. In the retreat of 
the ice-sheet, which is now taking place, the glacial currents 
on the margin, under the influence of the minor topographic 
features, are in some places turnt»d much aside or even quite 
opposite from the courses which they had during the farther 
(extension of the ice. 

It was found impossible to remove and bring the large mass 
of iron, thought to be a meteorite, tr) which Peary had been 
guided by the Eskimos in May, 1894, situated about twenty- 
five miles southeast of cape York. It is to be hoped that a 
geologic description of its locality may have been taken with 
suflicient fullness to determine whether that iron mass, and 
others a few miles farther eastward, may be of terrestrial 
origin, like the iron in e(|ually large masses occurring farther 
*^outh, at Ovifak, in basalt, and also weathered out from it, 
where they were long supposed to be fragments of a great 
meteorite. w. u. 
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The British Associatiox Meeting in Liverpool. 

The sixty-sixth annual meeting of the British Association for 
the Advancement of Science, held September 17 to 23 in Liver- 
pool, iindt»r the presidency of Sir Joseph Lister, had an attend- 
ance of nearly 3,200, being one of the largest meetings of this 
Association. The address of Prof. J. E. Marr, president of Sec- 
tion C (Geology), reviewed the recent progress of stratigraphic 
geology. It is published in Xature for September 24, and in 
the Geological Jfafjazine for October. Thirty-four papers 
were presented in this section, to which, also, fifteen commit- 
tees, appointed at previous meetings, made reports on special 
subjects of geological investigation. Three papers related 
particularly to America, as follows: 

Pre Cambrian Fonsih^ especi(tlly in Canada. Sir J. \V. 
Dawson. 

Some Features of the JCarly Cambrian Faunas. G. F. 
Matthew. 

The H iff h wood Mountains of Montana and Mag ma tic Dif- 
ferentiation: a Criticism. IL J. Johnston- La vis. 

Seven papers pertained to the Glacial period and to Quater- 
nary geographic changes, including one by Prof. Edward 
Hull, on " Another possible Cause of the Glacial epoch." 

In Section E (Geography) thirty-one papers were read, and 
two committees presented reports. The following papers were 
on American subjects : 

Canada and its Gold Discoreries. Sir J. Grant. 

The ^^Schomburgk Lines''^ in British Guiantt. Ralph Rich- 
ardson. 

The Boundary Line between British Cfdumbia and Alaska. 
E. Ol>LUM. 

Dr. F. P. Gulliver, of Norwich, Conn., rend a paper in thisa 
section, on ** The Coast-forms of Romney Marsh," describing 
the V-bar shingle ridges in the vicinity of Dungeness, Kent, 
on the Strait of Dover, which illustrate tidal action in the 
formation of cuspate forelands, as recetitly discussed by the 
author for the coast of America (Bulletin G. S. A., vol. vii, 
1895, pp. 3SMI-422). 

Five days, next following the adjournment of this meeting, 
were occupied by an excursion of geologists, zoologists, bot- 
anists, and archaeologists, in examining the Isle of Man, the 
geological parly being led by Prof. Boyd Dawkins and Mr. 
(i. W. Lamplugii. 

The next meeting of tiie British Association, of which Sir 
John Evans is the president-elect, will he iield in Toronto, 
Canada, beginning August 18, 1S97. All members of the 
American Association, which will meet in Detroit, Mich., are 
invited to attend the Toronto meeting. For that pur])ose the 
Detroit meeting is to be during the w(»ek of August \) to 14, 
an unusujdiv earlv date. w. u. 
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BIOGRAPHICAL SKETCH 
OF FIELDING BRADFORD MEEK. 

By Charles A. White, Washinf^ton. 
(Plate XII.) 

Twenty years have passed since the death of Fielding Brad- 
ford Meek, and yet the few of his old associates whom the 
Old Reaper has spared still hold for him only the kindest re- 
membrance. Scientists also, who did not know him personally, 
still give his works the same consideration and confidence 
that they were wont to accord while he was living. I shall 
make further reference to his personality, but it seems neces- 
sary to say at the outset that because of his indisposition to 
speak of his personal affairs, even to his intimate associates, 
it has been impracticable to obtain more that meager data of 
his personal history. This difficulty has been emphasized by 
the fact that his living kindred were so few and so distant 
that little or no information could be obtained from them. 

The most complete account of his personal history that has 
been published is the one which 1 furnished to the American 
Journal of Science for its March issue immediately following 
his death. The circumstance of my getting even these few 
data from him is so apropos of his personal characteristics 
that I will relate it. One morning, only a few months before 
his death, while I was reviewing, with his aid, all the Smith* 
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8onian fossil collections, he seemed to be thinking upon some- 
thing other than the work in hand. We were alone, sitting at 
opposite sides of a table, when ho looked up to me and said : 
'• Doctor, I had a very strange dream last night. I dreamed 
that I was sitting in my old room at home, when I suddenly 
heard in an adjoining room the notes of a piano, which were 
immediately accompanied with a song. The song was one 
with which I was familiar in my younger days, and I recog- 
nized the voice as that of my sister. She has been in her 
grave for thirty years, and my deafness is so complete that I 
have not heard a sound of any kind for a long time." 

The circumstance was impressive, as was his manner in re- 
lating his dream ; but after giving his feelings time to become 
a little composed I determined to make the occasion serve my 
long cherished purpose of getting from his own lips some ac- 
count of his personal history. I accordingly said to him that, 
being younger than he, I should probably outlive him, and 
then I plainly asked him for the data I wanted, saying that 
in case of my survival I would publish them. He hesitated a 
little at first, but then in reply to my questions he gave me 
the following facts, to which he seemed disposed to confine 
his statements. 

He was born in the city of Madison, Indiana, December 10, 
1817. His grandparents were Irish Presbyterians, who re- 
moved to America from county Armagh about the year 1798 
and, after a few moves, made their permanent home in Ham- 
ilton county, Ohio. There his father grew up to manhood and 
married, but with his young family he removed to Madison, 
where he became a lawyer of considerable eminence. The 
family, including the children who were born in Madison, con- 
sisted of the parents, two sons and two daughters, all of 
whom died several years before his own decease. The father 
died when Fielding was only three years old, leaving the fam- 
\\y, not in want, but not in a condition to give the children 
so liberal an education as they desired. 

Fielding's early youth was spent in the city of his birth, 
where he attended the best schools that were then established 
there, but his delicate health greatly interfered with his edu- 
cation. Still, the time of those years was not lost, for while 
they were passing the boy began to develop that love for nat- 
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ural science that was destined to distinguish him. Upon 
reaching manhood, by advice of his friends but against his 
own inclination, he invested his small patrimony in a mercan- 
tile business, first in Madison and then in Owensboro, Ken- 
tucky. The result was financial failure. After this, he la- 
bored at whatever he could find to do, struggling with poverty 
and ill health, but clinging to his beloved studies, which then 
included such fossils as were found in the region of his home. 
His whole thought was to learn, the idea of becoming himself 
an author not having yet dawned upon him. His studious 
habits became known, and when Dr. D. D. Owen organized 
his U. S. Geological Survey of Iowa, Wisconsin and Minneso- 
ta, he made young Meek one of his assistants, which position 
he held during the years 1848 and 1849. 

Having completed his work to the satisfaction of Dr. Owen, 
he returned to his home in Owensboro, where he remained un- 
til 1852, when he went to Albany, N. Y., as assistant to Prof. 
James Hall in the paleontological work of that state. He had 
then not only acquired large knowledge of invertebrate fossils 
but he had become very skillful with his pencil in their delinea- 
tion, and he entered upon his new work with great zeal. 
With the exception of three summers he remained with Prof. 
Hall continuously until 1858. Two of those summers were 
spent on the Geological Survey of Missouri, under the direc- 
tion of Prof. G. C. Swallow, and the other, that of 1853, in 
exploring the bad-lands of Nebraska, in company with Dr. 
F. V. Hayden, both having been commissioned by Prof. Hall 
to do that work in his interests. Three years after that ex- 
ploration he, in conjunction with Prof. Hall, prepared for pub- 
lication by the American Academy of Arts and Sciences of 
Boston, an important memoir on Cretaceous fossils from Ne- 
braska. This was really his first published paleontological 
work, and it was a worthy introduction to his subsequent 
career. 

In 1858 Mr. Meek left Albany and went to Washington, D. 
C, where he resided until his death. At that time the needs 
of the Smithsonian Institution had not fully demanded the 
ottieial use of all the rooms in its great building and the sec- 
retary, professor Henry, encouraged the gathering there of 
scientific workers, not only by offering them all its advantages 
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for Ptudy, but he allotted sleeping rooms to a few of them 
who had no family. One of these rooms was allotted to Mr. 
Meek when he first went to Washington, and he occupied it 
until his death, always sleeping there when not absent on 
professional work. It was in this room, in the front tower of 
the main Smithsonian building, that the greater part of his 
scientific life-work was accomplished. 

The association which he formed with Dr. Hayden in their 
western exploration in 1858, was practically continued until 
Mr. Meek's death. When Dr. Hayden began his afterward 
famous geological explorations of the Rocky Mountain region 
and of the adjacent plains, he placed all his collections of in- 
verterbrate fossils in Mr. Meek's hands for study; and al- 
though this work was wholly that of Mr. Meek, most of the 
results of such studies for several years were published under 
their joint names. The most important of these joint publi- 
cations, "The Palflpontology of the Upper Missouri," was is- 
sued by the Smithsonian Institution in 1865, and in many 
respects it was at that time the most exhaustive work of the 
kind that had been produced in America. 

Notwithstanding his unbroken relation with Dr. Hayden, 
Mr. Meek declined to accept a regularly salaried position up- 
on the survey organized by the former, preferring to command 
his own time and opportunities for doing inviting work in 
various fields. He thus did for the Geological Survey of Illi- 
nois much the greater part of the work on invertebrate fossils 
that characterizes that fine series of reports, although it was 
published under the joint names of Meek and Worthen. Other 
important work upon paleozoic fossils was done by him for 
the Geological Survey of Ohio. 

A very large part of his work, however, was done upon fos- 
sils of later age, and only a few months before his death he 
finished what he regarded as the most important work of his 
life, namely, "A Report on the Invertebrate Cretaceous and 
'I'ertiary Fossils of the Upper Missouri Country." This work 
constitutes volume ixof the quarto series of the U. S. Geolog- 
ical Survey of the Territories, and contains more than 600 
pages of text, and 45 plates of illustrations. 

It is not necessary here to speak at length of the character 
of Mr. Meek's scientific labors because the twenty years that 
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have passed since he laid down his pen have not diminished 
the esteem in which they are held by those competent to judge 
of their merit. It is enough t-o say that thoroughness, scru- 
pulous exactness, nice powers of discrimination, and a com- 
prehensive grasp of his subject, are manifested in all his writ- 
ings; and with such merits his works will shed luster upon 
his name as long as paleontology shall be studied. 

Mr. Meek was never robust in health, and for a large part 
of his life he was an invalid, his malady being pulmonary 
tuberculosis. As age advanced his periods of exhaustion be- 
came more frequent and more pronounced until they ended in 
death. He died in Washington on the 21st of December, 
1876, and was buried in the Congressional Cemetery, in the 
eastern suburb of Washington. His funeral was held in a 
hall of the Smithsonian Institution, professor Henry halving 
delivered the funeral oration. In person he was moderately 
tall, rather slender, of erect and dignified bearing, but as his 
malady increased, his carriage became less free. Although 
he was never strong and often ill he never complained, was 
alwa3'^s cheerful, always hopeful, and always devoted to his 
scientific work, which he dearly loved. He was genial and 
sincere, pure minded and honorable. Gentleness and candor 
were apparent in every lineament of his face and in every 
word he uttered: but he was self reliant and readv at all 
times to defend what he believed to be right, and with his 
keen sense of justice he was seldom mistaken as to what was 
right. 

His hearing began to fail in early manhood and the afflic- 
tion increased until total deafness occurred, several years be- 
fore his death. The paleobotanist, Lesquereux, who was also 
deaf during a great part of his life, learned to converse orally 
by watching the motion of the lips of the speaker, but Mr. 
Meek never learned to do this, and he even seemed averse to 
the use or recognition of any conventional signs. Still, he 
wai« always ready and eager to converse with his friends, and 
he always kept at hand a pad of paper and a pencil for their 
use. 

Although he was thus cut off from the oral conversation of 
his friends he never referred to it as a hardship. Because of this 
nttliction, however, and of his natural diffidence, he rarely, if 
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ever, attended social gatherings. He never married and 
seemed disinclined to female society, but if brought into the 
presence of ladies no one was more courteous and respectful 
than he. He was rigorously circumspect in all his acts and 
conversation, and as chaste in every word and thought as if 
the fruit of the Vitex had found a place on his daily bill of 
fare. 

In dress he was plain, but neat, preferring the costume prev- 
alent in his early manhood. He wore a broadcloth cloak in 
cold weatlier, and always wore a silk hat, as seen in the ac- 
companying portrait. Indeed, to protect his head from drafts 
of air, to which he was peculiarly sensitive, he so often wore 
his hat in the house that his friends declared that his portrait 
would look unnatural without it. So, when he sat to the pho- 
tographer, he good-naturedly complied with their request and 
kept his hat on. He was never miserly, but his habits were 
so frugal that at the time of his death he had accumulated a 
competence which was quite sufficient for all his needs, even 
if he had lived to great old age. 

He seemed to have had no morbid fear of death, but he 
evinced much unwillingness to make any provision for the dis- 
position of his property with reference to that event. None 
of his friends, not even professor Henry, who had great influ- 
ence with him, could induce him to make his will. The result 
was that after long search his legal executor was able to find 
a distant relative who could legally take possession of the 
property. The Smithsonian Institution bought from that heir 
Mr. Meek's library, and this closed the business affairs of a 
laborious and frugal life, but which was only a subjunctive 
corollary of a noble, intellectual life. 

In looking back from this distance of time upon the life 
that I have briefly sketched, one is impressed with its appar- 
ent early failures and with its reall}' great success, a success 
that is full of encouragement to struggling early manhood. 
Still few men will be so long remembered for eminent ability 
and sterling and loveable personal qualities as Fielding Brad- 
ford Meek. 
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Catalogue of Mr, Meek's piiblinhed tor it ings, arranged chronologically, 

1855. 

Report on Moniteau county. First and Second Annual reports of the 
Geological Survey of Missouri. By G. C. Swallow, State Geologist. 
Part II, pp- 96-117. JeflFerson City. 

1856. 

Descriptions of new species of fossils from the Cretaceous formations 
of Nebraska; with observations upon Baculites ovatus and B. compres- 
sus, and the progressive development of the septa in Baculites, Ammo- 
nites and Scaphites, (with James Hall). Mem. Acad. Arts and Sci., vol. 
v, new series, pp. 379-411, and 8 plates. Cambridge. 

1857. 

Descriptions of new species of Gasteropoda from the Cretaceous forma- 
tion of NebniPka Territory, (with F. V. Hayden). Proc. Acad. Nat. 
Sci., Philad., vol. viii, pp. 63-69. Philadelphia. 

Descriptions of new species of Gasteropoda and Cephalopoda from the 
Cretaceous formations of Nebraska Territory, (with F. V.Hayden). 
Proc. Acad. Nat. Sci., Philad., vol. viii, pp. 70-72. Philadelphia. 

Descriptions of twenty-eight new species of Acephala and one Gaster- 
opod, from the Cretaceous formations of Nebraska Territory, (with F. 
V. Hayden). Proc. Acad. Nat. Sci.. Philad., vol. viii, pp. 81-87. Phil- 
adelphia. 

Descriptions of new species of Acephala and Gasteropoda from the 
Tertiary formations of Nebraska Territory; with some general remarks 
on the geology of the country about the Fources of the Missouri river, 
(with F. V. Hayden). Proc. Acad. Nat. Sci., Philad., vol. viii, pp. Ill 
-126. Philadelphia. 

Descriptions of new fossil species of Mollusca collected by Dr. F. V. 
Hayden in Nebraska Territory; together with a complete catalogue of 
all the remains of invertebrata hitherto described and identified from 
the Cretaceous and Tertiary formations of that region, (with F. V. 
Hayden). Proc. Acad. Nat. Sci., Philad., vol. viii. pp. 265-286. Phila- 
delphia. 

1858. 

Description of new organic remains from the Cretaceous rocks of 
Vancouver island. Trans. All any Inptitute, vol. iv, pp. 37-49. Albnny. 

Descriptions of new species and genera of foFsils collected by Dr. F. 
V. Hayden in Nebraska Territory, under the direction of Lieut. G. K. 
Warren. U. S. Topographical Engineers; with some remarks on the 
Tertiary and Cretaceous formations of the Northwest and the parallel- 
ism of the latter with those of other portions of the United States and 
Territories, (with F. V. Hayden). Proc. Acad. Nat. Sci., Philad., vol. 
IX. pp. 117 148. Philadelphia. 

Description of new organic remains from northern Kansas, indicating 
the existence of Permian rocks in that territory. Trans. Albany Insti- 
tute, vol. IV, pp. 73-88. Albany. 

Fossils of Nebraska. Letter from F. B. Meek and F. V. Hayden to 
(J.K. Warren, Lieut, Tojiog. Eng., dated Washington, February 8, 
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1858: printed in the National Intelligencer of March 16, (with F. V. 
Haj'den). Am. Jour. Sci., vol. xxv, 2d Ser. pp. 439-442. New Haven. 

1859. 

Descriptions of new organic remains collected in Nebraska Territory 
in the year 1857, by Dr. F. V. Hayden, geologist to the exploring expe- 
dition under the command of Lieut. G. K. Warren, Topo. Eng., U. S. 
Army, together with some remarks on the geology of the Black Hills 
and portions of the surrounding country', (with F. V. Hayden). Proc. 
Acad. Nat. Sci., Philad. vol. x, pp. 41-50. Philadelphia. 

Remarks on the Lower Cretaceous beds of Kansas and Nebraska, to- 
gether with depcriptions of Carboniferous fossils from the valley of Kan- 
pas river, (with F. V. Hayden). Pioc. Acad. Nat. Sci., Philad., vol x, 

pp. 256-264. Philadelphia. 

1860. 

Geological explorations in Kansas Territory, (with F. V. Hayden). 
Proc. Acad. Nat. Sci., Philad., vol. xi, pp. 8-30. Philadelphia. 

On a new genus of Patelliforra shells from the Cretaceous of Nebras- 
ka, (with F. V. Hayden). Am. Jour. Sci., vol. xxix, 2d Ser., pp. 33-35, 

plate I. New Haven. 

1861. 

Descriptions of new organic remains from the Tertiary, Cretaceous 
and Jurassic rocks of Nebraska, (with F. V^. Hayden). Proc. Acad. Nat. 
Sci., Philad., vol. xii, pp. 175-184. Philadelphia. 

Description of new fossil remains collected in Nebraska and Utah by 
the e.xploring expedition under the command of Capt. J. H. Simpson, 
of the U. S. Topographical Engineers (extracted from that officer's 
forthcoming report). Proc. Acad. Nat. Sci., Philad., vol. xii, pp. 
308-315. Philadelphia. 

Systematic catalogue with synonymy, etc., of Jurassic, Cretaceous 
and Tertiary fossils collected in Nebraska by the exploring expedition 
under the command of Lieut. G. K. Warren, of U. S. Topographical En- 
gineers, (with F. V. Hayden). Proc. Acad. Nat. Sci., Philad., vol. xii, 
pp. 4174.32. Philadelphia. 

Descriptions of new species of Crinoideaand Echinoidea from the Car- 
boniferous rocks of Illinois and other western states, (with A. H. Wor- 
then). Proc. Acad. Nat. Sci., Philad., vol. xii, pp. .379 397. Philadel- 
phia. 

Descriptions of new Carboniferous fospils from Illinois and other 
western states, (with A. H. Worthen). Proc. Acad. Nat. Sci., Philad., 
vol. XII, pp. 447-472. Philadelphia. 

Remarks on the age of the Goniatite limestone at Rockford, Indiana, 
and its relation to the *'Black Slate'' of the western states and to some 
of the succeeding rocks above the latter, (with A. H. W^orthen). Am. 
Jour. Sci., vol. XXXII, 2d Ser., pp. i67 177. New Haven. 

1862. 

Descriptions of new Paleozoic fossils from Illinois and Iowa, (with A. 
H. Worthen). Proc. Acad. Nat. Sci., Philad., vol. xiii, pp. 128-148. 
Philadelphia. 
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Descriptions of new Cretaceous fossils collected by the Northwestern 
Boundary Commission on Vancouver and Sucia islands. Proc. Acad. 
Nat. Sci., Philad., vol. xiii, pp. 314-318. Philadelphia. 

Descriptions of new Lower Silurian (Primordial), Jurassic, Cretaceous 
and Tertiary fossils, collected in Nebraska by the exploring expedition 
under the command of (^apt. Wm. F. Raynolds,U. S. Top. Engrs., with 
some remarks on the rocks from which they were obtained, (with F. V. 
Hayden). Proc. Acad. Nat. Sci., Philad., vol. xiii, pp. 415-447. Phila- 
delphia. 

isas. 

Remarks on the Family Actaeonidaj, with descriptions of some new 
genera and subgenera. Am. Jour. Sci., vol. xxxv, 2d Ser., pp. 84-94. 
New Haven. 

Descriptions of new Cretaceous fossils from Nebraska Territory, col- 
lected by the exixjditionsent out by the government under the command 
of Lieut. John Mullan, U. S. Topographical Engineers, for the location 
of a wagon road from the sources of the Missouri tx) the Pacific ocean, 
(with F. V. Hayden). Proc. Acad. Nat. Sci., Philad., vol. xiv, pp. 21- 

28. Philadelphia. 

1864. 

Remarks on the family Pteriidae (==Aviculidffi), with descriptions of 
some new fossil genera. Am. Jour. Sci., vol. xxxvn, 2d Ser., pp. 212- 
220. New Haven. 

Carboniferous and Jurassic fossils. Palaeontology of California (Whit- 
ney), vol. I, pp. 1-16, 3 plates and pp. 39-53, plates vii and viii. Pub- 
lished by authority of the California Legislature. 

1865. 

Palaeontology of the Upper Missouri, (with F. V. Hayden). Smithson- 
ian contributions to Knowledge (172), pp. 1-135, plates i-v, Washington. 

Description of fossils from the Auriferous slates of California Geol. 
Surv. California, Geology, vol. i, (Appendix B), pp. 477-482, 1 plate. 
Published by authority of the California Legislature. 

Remarks on the Carboniferous and Cretaceous rocks of eastern Kan- 
sas and Nebraska and their relations to thoee of the adjacent states and 
other localities farther eastward, in connection with a review of a i)aper 
recently published cm this subject by M. Jules Marcou. in the Bulletin 
of the Ci<»ological Society of France. Am. Jour. Sci., vol. xxxix, 2d Ser. 
pp. 157-174. New Haven. 

Note in relation to a genus of Crinoids from the Coal Measures of Illi- 
nois and Nebraska, proposed by them on page 174 of this volume of the 
Journal, (with A. II. Worthen). Am. Jour. Sci., vol xxxix, 2d Ser., p. 
.TK). New Haven. 

Preliminary noticre of a small collection of fossils found by Dr. Hayes 
on the west shore of Kennedy channel, at the highest northern locali- 
tirsever explored. Am. Jour. Sci., vol. XL, 2d Ser., jjp. 31-34. New 
Haven. 

Notice' of w)me new types of organic remains from the Coal MeaFures 
<»f UliiiuiH. (with A. H. Worthen). Proc. Acad. Nat. Sci., Philad., vol. 
-xvii. i)p. 41 53. Philadelphia. 
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Remarks on the ^^enuB Taxocrinus (Phillips) McCoy, 1844; and its re- 
lation to Forbesiocrinufl de Koninck and Le Hon, 1854, with descriptions 
of new species, (with A. H. Worthen). Proc. Acad. Nat. Sci., Philad., 
vol. XVII, pp. 138-143. Philadelphia. 

Descriptions of new species of Crinoidea, etc., from the Paleozoic 
rocks of Illinois and some of the adjoining states, (with A. H. Worthen). 
Proc. Acad. Nat. Sci., Philad.. vol. xvii, pp. 143-155. Philadelphia. 

Descriptions of new Crinoidea, etc., from the Carboniferous rocks of 
Illinois and some of the adjoining states, (with A. H. Worthen). Proc. 
Acad. Nat. Sci., Philad., vol. xvii, pp. 155-156. Philadelphia. 

Note on the genus Gilbertsocrinus (Phillips). Proc. Acad. Nat. Sci., 
Philad., vol. xvii, pp. lOG-167. Philadelphia. 

Contributions to the paleontology of Illinois and other western states, 
(with A. H. Worthen). IVoc. Acad. Nat. Sci., Philad., vol. xvii, pp. 
245-273. Philadelphia. 

Observations on the microscopic shell structure of Spirifer cuspida- 
tus Sowerby, and some similar American forms. Proc. Acad. Nat. 
Sci., Philad., vol. xvii, pp. 275-277. Philadelphia. 

1866. 

Note on the aflinities of the Bellerophontidje. Proc. Chicago Acad. 
Sci., vol. I, pp. 9-11. Chicago. 

Contributions to the paleontology of Illinois and other western states, 
(with A. H. Worthen). Proc. Acad. Nat. Sci., Philad., vol. xviii, pp. 
251-275. Philadelphia. 

Descriptions of Paleozoic fossils from Devonian and Carboniferous 
rocks of Illinois and other western states, (with A. H. Worthen). Proc. 
Chicago Acad. Sci., vol. i, pp. 11-23. Chicago. 

Descriptions of Invertebrates from the Carboniferous system, (with 
A. H. Worthen). Geological Survey of Illinois, vol. ii, pp. 145-411, 
plates 14-20, and 23-32. Springfield. 

1867. 

Check-lists of the Invertebrate fossils of North America, Cretaceous 
and Jurassic. Smithsonian Miscellaneous Collections (No. 177), pp. 1- 
40. Washington. 

Check-lists of the Invertebrate fossils of North American Miocene. 
Smithsonian Miscellaneous Collecticms (No. 183), pp. 1-32. Washington. 

Note on Bellinurus Dana? from the Illinois Coal Measures. Am. Jour. 
Sci., vol. XLiii,2d Ser.,pp. 257, 258. New Haven. 

Note on a new genus t)f fossil Crustacea. Am. Jour. Sci., vol. xliii, 
2d Ser., pp. 394, :J95. New Haven. 

On the punctate shell structure of Syringothyris. Am. Jour. Sci., 
vol. XLIII, 2d Ser., pp. 407, 408. New Haven. 

R^Miiarkson Prof. Geinitz's view respcoiing the Upper Paleozoic rocks 
and fossils of southern Nebraska. Am. Jour. Sci., vol. xliv, 2d Ser.. 
pp. 170 187; continued, pp. 327-.'i39: notes to same, pp. 282, 28:5. New 
Haven. 

Notes on the genus Palioacis ITaine, 18(50, ( Sphenopoterium M. and 
W., 18GG). Am. Jour. Sci., vol. xliv, 2d Ser., pp. 419. 420. New Haven. 
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Fossils from the west coast of Kennedy Channel. Hayes's *'Open 

Polar Ocean,-' p. 341. London. 

1868. 

Preliminary notice of a remarkable new genus of corals, probably typ- 
ical of a new family: forwarded for study by Prof. J. D. Whitney from 
the Silurian rocks of Nevada Territory. Am. Jour. Sci., vol. xlv, 2d 
Ser., pp. 62-64. New Haven. 

Note on the shell structure and family affinities of the genus Aviculo- 
pecten. Am. Jour. Sci., vol. xlv, 2d Ser., pp. 64,65. New Haven. 

Preliminary notice of a Scorpion, a Eurypterus (?) and other fossils, 
from the Coal Measures of Illinois, (with A. H. Worthen). Am. Jour. 
Sci., vol. XLvi, 2d Ser., pp. 19-28. New Haven. 

Note on Ethmophyllum and Archaeocyathus. Am. Jour. Sci., vol. 
XLVI, 2d Ser., p. 44. New Haven. 

Notes on some points in the structure and hal)it8 of the Paleozoic 
Crinoidea, (with A. H. Worthen). Proc. Acad. Nat. Sci.. Philad., vol. 
XX, pp. .323 .334. Philadelphia. 

Remarks on some types of Carboniferous Crinoidea, with descriptions 
of new genera and species of the same, and of one Echinoid, (with A. 
H. Worthen). Proc. Acad. Nat. Sci., Philad., vol. xx, pp. 335-359. 
Philadelphia. 

Paleontology, (with A. H. Worthen). Geological Survey of Illinois, 
vol. Ill, pp. 291-565, plates 1-20. Springfield. 

1869. 

Remarks on the geology of the valley of Mackenzie river, with figures 
and descriptions of fossils from that region in the museum of the Smith- 
sonian Institution, chiefly collected by the late Roljert Kennicott, Esq. 
Trans. Chicago Acad. Sci., vol. i, pp. 61-114, plates xi-xv. Chicago. 

Notes on some points in the structure and habits of the Paleozoic 
Crinoidea, (with A. H. Worthen). Am. Jour. Sci., vol. xlviit, 2d Ser., 
pp. 23-40. New Haven. 

Descriptions of new Crinoidea and Echinoidea from the Carbonifer- 
ous rocks of the western states, with a note on the genus Ony chaster, 
(with A. H. W^orthen). Proc. Acad. Nat. Sci., Philad., vol. xxi, pp.67- 
a3. Philadelphia. 

Remarks on the Blastoidea with descriptions of new species, (with A. 
H. Worthen). Proc. Acad. Nat. Sci., Philad., vol. xxi, pp. 83-91. Phil- 
adelphia. 

Notes on some points in the structure and hal)it8 of the Paleozoic 
Crinoidea, (with A. H. Worthen). Canad. Nat., new series, vol. iv, pp. 
[R^^prints from entries 57 and 61.) 

1870. 

Note on the relations of Synocladia, King. 1849, to the proposed genus 
Septopora, Prout. 1858, (with A. H. Worthen). Proc. Acad. Nat. Sci., 
Philad.. vol. xxii, pp. 15-18. Philadelphia. 

DtSLTijitions of now 8{H»cies and genera of fossils from the Paleozoic 
rocks of the westorn states, (with A. H. Worthen). Proc. Acad. Nat. 
Sci., Philad., vol. xxii. pp. 22-56. Philadelphia. 
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Descriptions of fossils collected by the U. S. Greol. Survey, under the 
charge of Clarence King, Esq. Proc. Acad. Nat. Sci.,Philad., vol. xxii, 
pp. 56-64. Philadelphia. 

Geokjgy of the line of the Great Pacific railroad. [In a letter to Dr. 

J. J. Bigsby.] Geological Magazine, Decade T, vol. vii, pp. 163, 164. 

London. 

1871. 

A preliminary list of fossils collected by Dr. Hayden in Colorado, 
New Mexico and California, with brief descriptions of a few of the new 
species. Am. Philos. Soc, Philad., vol. xi, pp. 425-431. Philadelphia. 

Preliminary notice of a now species of Trimerella from Ohio. Am. 
Jour. Sci., vol. 1, 3d Ser., pp. 305, 306. New Haven. 

On some new Silurian Crinoids and shells. Am. Jour. Sci., vol. ii, 
3d Ser., pp. 295-302. New Haven. 

Descriptions of new sjiecies of invertebrate fossils from the Carbonif- 
erous and Devonian rocks of Ohio. Proc. Acad. Nat. Sci., Philad., vol. 
XXIII, pp. 57-93. Philadelphia. 

Descriptions of new species of fossils from Ohio and other western 
states and territories. Proc. Acad. Nat. Sci., Philad., vol. xxiii, pp. 
159-184. Philadelphia. 

Notice of a new Brachiopod from the lead bearing rocks at Mine La 
Motte, Missouri. Proc. Acad. Nat. Sci., Philad.. vol. xxiii, pp. 185- 
187. Philadelphia. 

Descriptions of new Paleozoic fossils, mainly from the Cincinnati 
Group of the Lower Silurian series of Ohio. Proc. Acad. Nat. Sci.. 
Philad., vol. xxiii, pp. 308-336. Philadelphia. 

List of Carboniferous fossils from West Virginia, with descriptions of 
new species. Appendix B, Report of Regents of West Virginia Univer- 
sity for 1870, pp. 67 73. Wheeling. 

Remarks on the genus Lichenocrinus. An. and Mag. Nat. Hist., Ser. 
4, vol. VI II, pp. .341-345. London. 

Preliminary Paleontological report, consisting of lists of fossils with 
descriptions of some new types, etc. Prelim. Rep. U. S. Geol. Survey 
of Wyoming and contiguous territories, pp. 287-318. Washington. 

1872. 

Supplementary note on Lichenocrinus. An. and Mag. Nat. Hist.. 
Ser. 4, vol. ix. pp. 247, 248. London. 

Supplementary note on the the genus Lichenocrinus. Am. Jour. Sci., 
vol. III. 3tl ser., pp. 15-17. New Haven. [See next preceding entry.] 

Descriptions of some new types of Paleozoic shells. Am. Jour. 
Conch., vol. vii, pp. 4-10, 1 plate. Philadelphia. 

Descriptions of two new star tishes and a Crinoid, from the Cincinnati 
Group of Ohio and Indiana. Am. Jour. Sci., vol. iii, 3d Ser., pp. 257- 
2(52. New Haven. 

Descriptions of new species of fossils from the Cincinnati Group of 
Ohio. Am. Jour. Sci., vol. ui, 3d Ser., pp. 423-428. New Haven. 

Descriptions of a few n(»w species and cmo new genus of Silurian fos- 
sils from Ohio. Am. Jour. Sci., vol. iv, 3d Ser., pp. 274-281. New 
Haven. 
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PrelimiDary list of fossils collected by Dr. Hayden's cxplonog expedi- 
tion of 1871 in Utah and Wyotninf< Territories, with descriptions of a 
few new species. Prelim. Rep. of U. S. Geol. Survey of Montana and 
portions of adjacent territories, pp. 373-377. Washington. 

Report on the paleontology of eastern Nebraska, with some remarks 
on the Carboniferous rocks of that district. Final Report of the U. S. 
Geological Survey of Nebraska Jind portions of the adjacent territories, 
pp. 83-239, and eleven plates. Washington. 

1873. 

[Geological Reports on Miller, Morgan and Saline counties, Missouri.] 
Reports on the Geological Survey of the state of Missouri, 1855-1871, 
by G. C. Broadhead, F. B. Meek and B. F. Shumard, chapters 7-9, pp. 
HI 188. Jefferson City. 

Spergen Hill fossils identified among specimens from Idaho. Am. 
Jour. Sci., vol. v, 3d Sor., pp. 383, 384. New Haven. 

Preliminary paleontological report, consisting of lists and descriptions 
of fossils, with remarks on the ages of the rocks in which they were 
found, etc., etc. Sixth An. Rep. U. S. Geol. Surv. Terr., pp. 431-518. 
Washington. 

Descriptions of invertebrate fossils of the Silurian and Devonian s>'s- 
tems. Geol. Survey, Ohio, vol. i, part ii. Paleontology, pp. 1-243, 
I)lates 1-23, and three plates of diagrams of Crinoids. Columbus. 

Paleontology. Descriptions of Invertebrates from the Carboniferous 
system, (with A. H. Worthen). Geological Survey of Illinois, vol. v, 
pp. 323-C19. plates i-xxxii. Springfield. 

187i. 

Notes on some of the fossils figured in the recently issued Fifth vol- 
ume of the Illinois State Geological Report. Am. Jour. Sci., vol. vii, 
3d Ser., pp. 189 193; continued on pp. 369-376, and 484-490 and 580-584. 
New Haven. 

The new genus Euchondria. Am. Jour. Sci., vol. vii, 3d Ser., p. 445. 
New Haven. 

[Description of] Pleurotoraaria Taggarti. An. Rep. U. S. Geol. Sur- 
vey Terr., for 1873, p. 231, foot note. Washington. 

1875. 

Notes on some fossils fi'om near the eastern base of the Rocky moun- 
tains, west of Greeley and Evans, Colo., and others from about 200 miles 
further eastward, with descriptions of a few new species. Bull. U. S. 
Geol Surv. Terr., 2d Ser., No. 1., pp. 39-47. Washington. 

DeKcription of Unios supposed to be of Triassic age. Ann. Rep. Gteog. 
and Geol. Expls. and Surveys west of the 100th Meridian, 4®, vol. iii. 
Geology, pp. 182, 183. Washington. 

A Report on some of the Invertebrate fossils of the Waverly Group 
and Coal Measures of Ohio. Rep. Geol. Surv. Ohio, vol. ii, part ii. 
Paleontology, pp. 269 347, i>lates x-xx. Columbus. 

Description of Olencllus gilberti and O. howelli. Rep. Geogr. and 
Geol. Expls. and Surveys west of the 100th Meridian, 4°, vol. in, Geol- 
ogy, pp. 82, 83. Washington. 
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Paleontology of IllinoiR. Descriptions (if Invertebrates, (with A. H. 
Worthen). Geol. Surv. Illinois, vol. vt, Sec. 2, pp. 491-532: plates 23- 
32. Springfield. 

Notice of a very large Goniatite from eastern Kansas, (Carboniferous). 
Bull. U. S. Geol. Surv. Terr., No. G, 2d Ser., vol. i, p. 445. Washington. 

1876. 

Descriptions and illustrations of fossils from Vancouver and Sucia 
islands and other northwestern localities. Bull. U. S. Grt»ol. Surv. Terr., 
vol. II, No. 4. pp. 351 -374, and 6 plates. Washington. 

Note on the new genus Uintacrinus, Grinnell. Bull. U. S. Geol. Surv. 
Terr., vol. ii, No. 4, pp. 375-378. two wood cuts. Washington. 

Descriptions of the Cretaceous fossils collected on the San Juan ex- 
ploring expedition under Capt. J. N. Macomb, U. S.E ngineers. Report 
of the Exploring Expedition from Santa Fe. New Mexico, to the junc- 
tion of the Grand and Green rivers of the Great Colorado of the West, 
in 1859, pp. 121 133, plates 1 and 2. Washington. 

Report on the Paleontological collections of the expedition. Rep. 
Expl. Great Basin of Utah in 1859. By J. H. Simpson. Apendix J., 
pp. 337-373, plates i-iv. Washington. 

A report on the Invertebrate Cretaceous and Tertiary fossils of the 
upper Missouri country. U. S. Greol. Surv. Terr., vol. ix, 4**, pp. i-xiv. 
and 1 -629, plates 1 45. Washington. 

1877. 

Paleontology. U. S. Geol. Expl. 40th Parallel, vol. 4, part 1, pp. 1- 
197, plates 1-17. Washington. 

NoTK. — This work was published after Mr. Meek's death, but he had 
completed it more than a year previously. 



STRATIGRAPHY AT SLATE'S SPRINGS WITH 
SOME FARTHER NOTES ON THE RE- 
LATION OF THE GOLDEN GATE 
SERIES TO THE KNOXVILLE. 

By H. W. Fairbankh. Berkeley, Cal. 

In the fall of 1895 the writer revisited Slate's Springs in 
company with Dr. Palacho for the double purpose of deter- 
mining in greater detail the stratigraphie position of the 
slates and collecting better paleontological material. The 
important bearing of the fauna found tiiere upon the correct 
determination of the age of the Golden Gate series is an ex- 
cuse for presenting the following notes. 

The beds in question occur as a narrow fringe along the 
most rugged portion of the Monterey coast, and rest against 
the crystalline complex of the Santa Lucia range. This sec- 
tion was first visited by the writer in 1893, when several frag- 
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nients of an Inoceramus were found in the ocean clili's beneath 
the sulphur springs. In 1894 this locality was again ex- 
amined and a collection of five species of molluscs made in 
addition to some poorly preserved plants.* It was hoped 
that these would be indicative of some definite geological 
horizon, but all the species were found to be new and uncer- 
tain in their time range, though presenting a Cretaceous 
rather than a Jurassic aspect. One species of Inoceramus 
among the lot appeared to be closely allied to a Cretaceous 
form. The apparent conflict between the stratigraphy and 
the paleontological evidence tended to discredit the correct- 
ness of the field work. The writer had however felt most 
thoroughly convinced from the beginning that there could be 
no doubt about the propriety of referring the strata at Slate's 
Springs to a pre-Cretaceous horizon (Golden Gate series) the 
rocks of which are so widely developed through the Coast 
ranges. These beds are believed to be continuous with the 
older rocks of Pine mountain. During the recent trip this 
mountain was revisited and the marked contrast between the 
Aucella-honnrxQ sandstone and shale, with distinct and reg- 
ular bedding, and the distorted and sheared rocks of the un- 
derlying Golden Gate series was more strongly impressed up- 
on the writer than ever before. About the slopes of the 
mountain the knobs of hard and often silicified sandstone 
project up through the Knoxville presenting the greatest con- 
trast imaginable, with the shales and sandstone of the latter 
formation. In addition to the non-conformity on the south 
side of the mountainf there occur on the north side pebbly 
conglomerates containing abundant fragments of the red jas- 
per which is so plentiful in the Golden Gate series in thjs 
vicinity. 

The pre-Cretaceous rocks extend continuously northward 
from Pine mountain forming all the western portion of the 
Santa Lucia range as far as Vicente creek. Here the series 
rapidly narrows and for a short distance south of Mill creek 
has an exposed thickness of less than 1,000 feet. At Mill 
creek it is somewhat greater but the metamorphism has been 
so intense that it is rather difficult to draw the line between 
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it and the crystalline schists of the older complex. North of 
Mill creek the series widens to about three miles and contains 
many bodies of greenish and reddish jasper. At Canon Diablo 
it narrows again, being folded in between ridges of the older 
rocks. On the mountain slope between the two forks of the 
canon the southernmost exposures of the basal conglomerate 
were observed. North of the caiion the series widens to more 
than half a mile. The conglomerate rises along the slope of 
the mountains to an elevation of fully 1,500 feet two miles 
south of Slate's Springs. From that point it gradually sinks 
and disappears three miles north of the springs. Silicified 
sandstones and jasper appear along the trail north from 
Canon Dinble leading to Dolan's. On the coast near Dolan's 
there is exhibited the most intense silicification and shearing 
of the sandstones and shales observed at any point along the 
coast. From this point to Slate's Springs, a distance of two 
miles, the series gradually narrows and exhibits less silicifica- 
tion and shearing. About three fourths of a mile south of 
the springs the strike of the strata carries the jasper beds 
beneath the sea. A little north of this spot the underlying 
strata consist of alternations of thin bedded sandstone and 
slate, wnth dip either approximately vertical or to the north- 
east, in the latter case indicating an overthrow. In the slate 
probably not more than 300 feet below the jasper beds were 
found specimens of Iiioceramus similar to those below the 
springs. This fossil seems to be the most abundant, aside 
from the plant remains, being found in the sliites as far as 
they w^ere traced, a distance of about four miles. Some spec- 
imens of this genus reach a diameter of nearly a foot. Such 
has been the shearing and compression to which the strata 
have been subjected that the larger fossils have been gener- 
ally flattened out, although the smaller ones are occasionally 
fairly well preserved. The main body of slate with layers of 
thin bedded sandstone has a thickness of about 50 feet, 
through the greater portion of which tlie fossils are scattered. 
The slates were traced to a distance of about three miles north 
of the springs and were found to contain fossil remains at 
nearly all points where they could be examined. A stratum 
of very hard coarse sandstone furnished a number of very^ 
poorly preserved niolluscan remains. Nearly a dozen species 
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in all were found in addition to the plant remains, although 
only a part of them can be even generically determined. The 
labor of collecting was very great for the specimens are spar- 
ingly disseminated through the thickness of slate mentioned. 

It seems that there can no longer be any question as to the 
true stratigraphic position of these beds, that is, that they 
represent a lower horizon than the jaspers. 

The exposure of the strata for five miles with Slate's Spring 
as a center is an interesting one for study. The character- 
istic shearing and silicification are well shown, while there are 
most excellent examples of faulting, flexing, and squeezing 
out of the strata. The basal conglomerate is composed largely 
of boulders derived from the crystalline rocks forming the 
Santa Lucia range. In some of the finer conglomerates there 
are pebbles of an uncrystalline argillaceous rock, pointing to 
an earlier horizon now hidden. Argillaceous patches, some- 
what thready at times are numerous in the sandstone. Some 
of them iappear to be of foreign inclusions, while others may 
represent portions of the argillaceous strata mixed with the 
sandstone during shearing, although at present the sandstone 
appears to be perfectly^ massive. 

The very close resemblance of these beds at Slate's Springs 
to the strata at the base of th«same series at point San Pedro, 
even to the inclusion of shaly fragments make it appear that 
both probably belong to about the same horizon. 

Eagle Ranch and Vicinity. 

Following the trip just described the Eagle Ranch, San 
Luis Obispo county, was visited and added proof acquired of 
the unconformable position of the Golden Gate series beneath 
the Knoxville. Just west of the ranch house a pebbly sand- 
stone containing Avcella was found at the base of the Knox- 
ville and overlying the shales, sandstones, and jaspers of the 
former series. On the head of the Atascadero as well as on 
Toro creek the Knoxville shales appear in clean cut contact 
with the green eruptives of the older series. No trace of 
metamorphism was apparent in any case. 

Beruyessa Canon. 

An excellent section of the Golden Gate series is shown in 
Berryessa canon in eastern Napa county. The Berryessa creek 
cuts through a high ridge of the older rocks, exposing on 
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either side the shales and sandstone of Knoxville age. On 
the west the latter beds appear in the form of a syncline ex- 
tending northwest and southeast, with a width of a mile and 
a half. A dike of serpentine separates it not only from the 
ridge through which Berryessa creek runs but also from the 
mountains bordering Napa valley on the east. At the en- 
trance to the upper end of the canon slaty shale is abundant 
but farther down sandstone predominates. The strata are 
steeply inclined through nearly the whole canon and show 
strongly the elfects of shearing and fracturing. At the lower 
end of the canon the stream makes a turn and leaves the ridge 
very obliquely, exposing regularly stratified and thin bedded 
sandstones and shale. The former contains poorly preserved 
fossils among which were specimens of Ancella. The Golden 
Gate series with green eruptives forms a prominent hill just 
north of the creek, and here the strata stand vertical and 
strike 70 degrees west of north. The Knoxville beds outcrop 
400 feet below this exposure and directly in line with the 
strike of the former rocks. The strike of the Knoxville beds 
is however directly at right angles to that of the Golden Gate 
series; the}^ dip away at an angle of 50 degrees, the inclina- 
tion gradually becoming less down the creek. The exposures 
close to the contact are not good, but are however sufficient to 
show that there has been considerable movement. Lenticular 
masses of serpentine occupy the contact in places. 

On the south side of the creek, and nearly opposite this 
place, the road has been graded around a knob of green 
eruptive. The Knoxville sandstones surround it on three 
sides and appear in the bank above the road, lying directly 
over the eruptive mass. The bedding is nearly flat while no 
trace of metamorphism is to be seen. 

The relations shown in this vicinity are most conclusive of 
a non-conformity. The regular even bedding of the Knoxville 
beds, which show no traces of shearing except near the con- 
tact, is in most marked contrast with the irregular stratifica- 
tion of the older rocks. A careful search in the latter for 
fossils revealed only a few indistinct plant remains. 

The two formations were followed to the southeast, for a 
number of miles, but her(\ as almost everywhere else in the 
Coast ranges, the stratigraphical relations have been masked 
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by shearing along the contact, a condition due to an upward 
movement of the basement rocks forming the axes of the 
mountains. Lava flows and intrusives are abundant in the 
older rocks and, with the exception of the serpentine, are ab- 
sent from the Knoxville. 

Mount Diablo. 

Turner* has well described the metamorphic rocks of mount 
Diablo, but does not state the relation of the Knoxville. to 
them. Neither does he express a definite opinion of the rela- 
tive ages of the Knoxville and diabase which is so extensively 
developed on the northwest of the metamorphic area. 

OnBagley creek the writer has noted the Knoxville in direct 
contact with a gabbro-like rock, but there has been so ijiuch 
shearing that the relation is not clear, although it is evident 
that the shales near the contact are not metamorphosed. 

On the northeast side of the mountain the Knoxville beds 
are in contact with the "metamorphic rocks" (Golden Gate 
series), but the exposures are not good. As in other parts of 
the Coast ranges, the Knoxville shows a regular and even 
bedding, and dips away at varying angles from the core of 
older rocks. The soft strata of the former result in smooth, 
rounded slopes, while, in sharp contrast, rise the hard and 
more or less silicitied sandstones, jaspers and eruptives of the 
Golden Gate series. 

An examination of the large diabase "massif" has con- 
vinced the writer that it is older than the Knoxville, which 
lies on three sides of it. Although the two could not be found 
in actual contact, because of the clayey nature of the Knox- 
ville, the latter appears at no point to show the slightest 
alteration due to contact with an eruptive mass. In Mitchell 
f^afion the shales are traced to within 200 feet of the contact, 
and it is certain that if the diabase were really intrusive the 
metamorphism would have resulted in rocks weathering less 
readily. An additional fact reported by Turner is that the 
diabase contains inclusions of the metamorphic rocks, indi- 
cating its intrusion into them, while inclusions of the Knox- 
ville are absent. 

There can be no question that on mount Diablo we have the 
(roldon Gate series with associated eruptives antedating the 
/*Bull. Geol. Soc. Am., vol. ii, p. 385. 
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Knoxville and separated from it by the saiue marked non- 
conformity so conspicuous in other parts of the Coast ranges. 

During this trip to mount Diablo with Mr. F. M. Anderson 
the latter discovered the first fossils reported from the *' met- 
amorphie rocks " of this locality. 

Owing to the failure of the fauna and flora yet found in the 
Golden Gate series to throw* any certain light upon the ques- 
tion as to whether it is Cretaceous or Jurassic, it seems that 
(he main dependence will have to be placed on stratigraphy. 

The fossils indicate that it is very probably not older than 
the upper Jurassic, while the recognition of the important 
non-conformity separating it from the Knoxville. either throws 
the series into the Jurassic or necessitates the reconstruction 
of the Cretaceous. 



THE GALENA AND MAQUOKETA SERIES. 

By F. W. Sabdeson, MinnoH|)o)i8» MinocHota. 

Part I. 

The names Galena series and Maquoketa series are used 
here to designate the geologic formations that have been 
called Trenton group and Hudson River group in the states 
of Minnesota, Iowa, Wisconsin and Illinois. The same are 
nearly the equivalent formations to the typical Trenton and 
.Hudson (Hudson River) groups or series of New York. 

The aim in using this local terminology instead of the 
names Trenton and Hudson is to obviate introducing the 
question of exact relationship with the type series of New- 
York, and to enable the Galena (Trenton) and Maquoketa 
(Hudson) series to be thereby more easily correlated, the one 
exposure with another, within their respective areas. It will 
be easier to define the probable application of the names 
Trenton series and Hudson series after having defined the 
Gylena and the Maquoketa series than before it. As it now 
is, th(? terms Trenton and Hudson are not constant in each of 
the states within the area in question, but include now more 
and nf)W less, and this inconsistent fiuctuation in value is so 
great as to seemingly j)rove that the true ccn-relation with the 
type formations has not yet been accomi)lished. Tnder such 
circumstances it seems to the writer mo«t advisable to use 
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only tho local names, the definition of which has been verified 
through type exposures existing within the area itself. 

As said, the Galena and Maquoketa series are not uniform- 
ly and consistently defined in each state, nor even in different 
counties of the same state, but varying limits are assigned to 
tvheni. Some time ago the writer tried to outline a more uni- 
form and more detailed classification of the Galena and Ma- 
quoketa series than before existed,* but the same work 
remains in part to be completed. After having made consid- 
erable further investigation it is now intended to advance 
again in the same direction, and since the publications that 
have in the meantime surveyed the same ground more or less 
completely have by no means shortened the way, but on the 
contrary have placed the beginning a little back from the 
point before reached, we will act accordingly. 

In this discussion- there will be considered, first of all, the 
classifications by authors generally, and tables of synonomy 
for each division and subdivision will be given, after which a 
better classification will be outlined. 

The Galena series and the Maquoketa series are very favor- 
able for exact division and delimitt^tion and for correlation of 
one exposure with another, because the strata are relatively 
horizontal and quite undisturbed, because fossil remains are 
numerous, often well preserved and accessible, and because 
the division and subdivision are guided by many lithologic 
differences. The subdivisions are, moreover, nearly all co- 
extensive and often constant in original thickness. All taken 
together are not over 450 feet thick, and several beds may be 
found in single exposures. It is possible, therefore, as it is 
also necessary, to combine stratigraphic, paleontologic, and 
lithologic evidence to work out the relations to each other of 
the parts of these two series. The reason why greater uniform- 
ity in classification has not obtained is found apparently less 
in the nature of the formations than in the custom of limiting 
research to the bounds of states and counties. Both the series 
and their subdivisions being traceable continuously from Min- 
nesota through Iowa to Illinois and Wisconsin, one system of 
division and of nomenclature would have been the inevitable 
result of wider investigation by each author. But, in the man- 

♦Hull. Minn. Acad. Nat. Sci., vol. in, p. 319 (1892). 
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ner in which the research has been divided, certain special 
phenomena have had undue influence upon the results. 
Authors have based the classifications in a one-sided manner 
upon the lithologic characters, and, since local alterations in 
the rock often exceed the original differences, mistakes have 
resulted. 

Neither tiie Maquoketa nor the Galena series consists wholly 
of limestone except locally. The Galena series is limestone 
in its southern (Illinois) extent, but towards the north it in- 
cludes shales and clays. The Maquoketa series is mainly 
limestone and dolomite in the north (Minnesota) but becomes 
gradually shale and clay southward. Both together consist, 
nevertheless, of a series of beds that are divided from one an- 
other by lithologic and paleontologic differences. Very natu- 
ral division lines obtain, and some of these have been chosen 
by authors in every case as the limits for the formations and 
beds they have deemed worthy of designation, but, unfortu- 
nately, not everywhere have they chosen the same. Even 
where the intention has been to maintain a prior classification 
the divisional zones have been mistaken, because, owing to 
both original differences and local alterations of lithologic 
characters, the same beds are not everywhere alike nor sepa- 
rated by like contrasts. 

A brief outline of the divisions and the names of them, ac- 
cording to different classifications in each state is shown in the 
following diagram; but there is omitted from it the classifica- 
tion by N. H. Winchell and E. O. Ulrich* which is essentially 
a repetition of an earlier classification that is included in this 
discussion. The " special designations'' used in the same vol- 
ume are for the present omitted since their discussion would be 
very detailed and really unnecessary. Palpable errors are also 
not tabulated. 

Synonymy of I'erms. 

In the following tables of synonymy the older of the two 
series, the Galena, is given first, then its divisions and subdi- 
visions in the order of sequence, after which the Maquoketa 
series in like manner. 



*Geol. of MiDn., final report, vol. 3, pt. 1, p. L. 
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GALENA SERIES. 

Lower Cliff limestone or lead-bearing limestone, D. D. Owen, (1844). 
Rep. on Exploration of Iowa, Wisconsin, and Illinois; p. 'Sd. 

Chazy, Birds-eye, and Trenton limestones (undivided), Charles Whit- 
tlesey (1851). Geology of Lake Superior, Land District: p. 175. 

Trenton limestone group, James Hall (1861). Geology of Wisconsin, 
vol. I, p. 31. 

Trenton Group, A. H. Worthen (1866). Geological Survey of Illinois, 
rep. vol. I, p. 141. 

Trenton Group, C. A. White, (1870). Geology of Iowa, vol. i, p. 174. 

Trenton Limestone, Frank H. Bradley, (1870). Geological Survey of 
Illinois, vol. iv, p. 201. 

Trenton Limestones, James Shaw^, (1873). Geological Survey 
nois, rep. vol. v, p. 66: Trenton formation, loc. cit., p. 86: Trenton 
Group, loc, cit., p. 111. 

Trenton limestone, A. H. Worthen, (1873). Geological Survey of Il- 
linois, rep. vol. v, p. 279. 

Trenton Group, C. Rominger, (1873). Geological Survey of Michigan, 
rep. vol. I, part iir, p. 56. 

Trenton Limestone, N. H. Winchell, (1876). Fourth Annual Report 
Greological and Natural History Survey of Minnesota, p. 42. 

Trenton Group, T. C. Chamberlin, (1877). Geology of Wisconsin, vol. 
II, p. 290. 

Trenton limestone, A. H. Worthen, (1883). Geological Survey of Il- 
linois, rep. vol. VII, p. 40. 

Rocks of the Trenton Period. N. H. Winchell, (1884). Geological and 
Natural History Survey of Minnesota, Final Report, vol. i, p. (249) 339. 

Rocks of the Trenton Period (part), N. H. Winchell, (1888). Geologi- 
cal and Natural History Survey of Minnesota, Final Report, vol. ii, p. 39. 

Trenton Group, F. W. Sardeson, (1892). Bulletin Minnesota Acad- 
emy of Natural Sciences, vol. iii, p. 325. 

Trenton limestones and shales, C. W. Hall and F. W. Sardeson (1892). 
Bulletin of the Geological Society of America, vol. in, p. 356. 

(ialena-Trenton limestones. W. H. Norton, (1893). Iowa Geological 
Survey Ann. Rep., vol. ii, p. 178. 

Trenton, Samuel Calvin (1895). Iowa, etc., vol. 4, pp. 73, 91. 

Divisions of this Galena series have been made with consid- 
erable variation by different authors in different states. But 
the division line which has been most uniformly followed is 
that between the *' Trenton " or Lower Trenton and the Gale- 
na. The latter formation rather than the former is probably 
equivalent to the Trenton limestone of New York. Confusion 
will be avoided therefore, by using a new local term, Beloit 
formation, and the local term Galena for these two divisions. 
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BELOIT FORMATION. 

Blue limestone, D. D. OweD, (1844). Rep. on Exploration of Iowa, 
Wisconsin , and Illinois, p. 19. 

Chazy, Birds-Eye, Black River and Trenton limestones, James Hall, 
(1851). Greolo^ of the Lake Superior Liand District, p. 140. 

Trenton limestone, James Hall, (1858). C^eology of Iowa, vol. i, p. 54. 

Trenton or Blue limestone, J. D. Whitney, (1858). Geology of Iowa, 
vol. I, p. 341. 

Trenton limestone, II. C. Freeman, (1868). Geological Survey of Il- 
linois, rep. vol. I, p. 276. 

Trenton limestone, C. A. White, (1870). Geology of Iowa, vol. i, p. 174. 

Trenton limestone. T. C. Chamberlin, (1877). Geology of Wisconsin, 
vol. II, p. 290. 

Trenton limestone, R. D. Irving, (1877). Gteology of Wisconsin, vol. 
II, p. 588. 

Trenton (Buff and Blue) limestones, Moses Strong, (1877). Geology 
of Wisconsin, vol. ii, p. 680. 

Trenton, or Buff and Blue limestone, Moses Strong, (1883). Geology 
of Wisconsin, vol. iv, p. 88. 

Trenton (Blue and Buff) limestone, T. C. Chamberlin, (1883). Geology 
of Wisconsin, vol. iv, p. 412. 

Trenton, F. W. Sardeson (1892). Bulletin Minnesota Academy of 
Natural Sciences, vol. iii, p. 325. 

Trenton, C. W. Hall and F. W. Sardeson, (1892). Bulletin Geologi- 
cal Society of America, vol. iii, p. 356. 

Trenton limestone, W J McGee, (1891). Eleventh Annual Report U. 
S. Greological Survey, p. 329. 

Trenton limestone, Chas. R. Keyes, (1893). Geological Survey of 
Iowa. First Annual Report, p. 24. 

An old subdivision of the "Trenton" or Beloit formation 
is into a lower portion, Buff limestone and upper or Blue 
limestone. The synonomy of the lower divison is as follows: 

BUFF LIMESTONE. 

Buff-colored limestone, John Locke, (1844). Owen's Report on Iowa, 
Wisconsin, and IIIiDois, p. 154. 

Calciferous rock, I. A. Lapham, (1851). Geology Lake Superior Land 
District, p. 169. 

Buff limestone, James Hall, (1861). Geology of Wisconsin, vol. i, p. 33. 

Buff limestone, J. D. Whitney, (1861). Geology of Wisconsin, vol. i, 
p. 157. Quarry rock, (of same), plate vi. 

Buff limestone, A. H. Worthen, (1866). Geological Survey of Illinois, 
rep. vol. I, p. 141. 

Buff limestone, J. D. Whitney, (1866). Geological Survey of Illinois, 
rep. vol. I, pi. 4, ante p. 162; p. 1(55. 

Buff limestone, James Shaw, (1873). Geological Survey of Illinois, 
rep. vol. V, p. 28, 66, 86, 111, 129. 

Lower Buff Beds, T. C. Chamberlin, (1877). Geology of Wisconsin, 
vol. II, p. 293. 
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Buff limeBtone, (** Quarry rock"), T. C. Chamberlin, (1883). Geologry 
of Wisconsin, vol. iv, p. 413. 

Lower Buflf limestone, T. C. Chamberlin, (1883). GJeology of Wiscon- 
sin, vol. I, p. 162. 

BuflPbed, F. W. Sardeson, (1892). Bulletin Minnesota Academy of 
Natural Sciences, vol. iii, p. 325. 

Buflf limestone, C. W. Hall and F. W. Sardeson, (1892). Bulletin 
Geological Society of America, vol. iii, p. 360. 

Co-ordinate with the Butf limestone, an upper and larger di- 
vision was formerly recognized. 

"blue limestone." 

Blue Fossiliferous limestone, John Locke, (1814). Owen^s Report on 
Iowa, Wisconsin, and Illinois, p. 153. 

Blue or Trenton limestone, I. A. Lapham, (1851). Greology Lake Su- 
perior Land District. 

Blue limestone, James Hall, (1861). Geolofsry of Wisconsin, vol. i, p. 35. 

Blue limestone-Trenton limestone, J. D. Whitney, (1861). Gieology of 
Wisconsin, vol. i, p. 162. 

Blue limestone or Trenton limestone, J. D. Whitney, (1866). Geolog- 
ical Survey of Illinois, vol. i, p. 166. 

Blue limestone or Trenton limestone, James Shaw, (1873). Greological 
Survey of Illinois, rep. vol. v, pp. 21, 38. 66, 86, 99, 111, 129. 

Blue limestone, T. C. Chamberlin, (1883). (ieology of Wisconsin, vol. 
IV, p. 413. 

This limestone has been subdivided into three l)eds more 
nearly uniform with the Buff limestone. Beginning as be- 
fore, with the lowest, we have the 

LOWER BLUE LIMESTONE. 

Glass Rock and Upper Pipe Clay Opening, J. D. Whitney, (1861). 
Greology of Wisconsin, vol. i, p. 254, pi. vi. 

Lower Blue Beds, T. C. Chamberlin, (1877). Geologj' of Wisconsin, 
vol. II, p. 295. 

*' Glass rock," T. C. Chamberlin, (1883). Geology of Wisconsin, vol. 
IV, p. 413. 

Lower Blue limestcme, T. C. Chamberlin, (1883). Geology of Wiscon- 
sin, vol. I, p. 162. 

"Buff Hraestone,"E. O. Ulrich, (1886). Fourteenth Annual Report 
Geological and Natural History Survey of Minnesota, p. 57. 

UPPER BUFF LIMESTONES, 

Brown rock, J. D. Whitney, (1861). Greology of Wisconsin, vol. i. p. 
253, pi. VI. 

Upper Buff bods, T. C. Chamberlin, (1877). Geology of Wisconsin, 
vol. II, p. 295. 

" Brown rock,'' T. C. Chamberlin, (1883). (Jeology of Wisconsin, vol. 
IV, p. 412. 

Ui)ix»r Buflf limestone, T. C. Chamberlin, (1883). (joology of Wiscon- 
sin, vol. I, p. 163. 
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UPPER BLUE LIMESTONE. 

Green rock, J. D. Whitney, (1861). Greology of Wisconsin, vol. i, p. 
252, plate vi. 

Upper Blue beds, T. C. Chamberlin, (1877). Geology of Wisconsin, 
vol. II, p. 296. 

'* Green rock," T. C. Chamberlin, (1883). Geology of Wisconsin, vol. 
IV, p. 412. 

Upper Blue limestone. T. C. Chamberlin, (1883). Geology of Wis- 
consin, vol. I, p. 163. 

A dirt'ereiit division of Trenton was used in the Minnesota 
Geological Survey reports. For example, the strata compris- 
ing the " Trenton " or Beloit formation were divided into two 
nearly equal parts, and the lower half, containing the Buff 
limestone and part of the Lower Blue limestone, were called 
the Lower Trenton Limestone, the remainder of the forma- 
tion, Green Shales. These, with the Upper Trenton Limestone 
and sometimes a division called Galena Limestone, make up 
the Galena-Trenton series. 

Later the term Trenton limestone was used instead of Low- 
er Trenton, and a division of Trenton Shales was made to in- 
clude the Green Shales and part of the true Galena. 

LOWER TRENTON LIMESTONE OR TRENTON LIMESTONE. 

Lower Trenton limestone, N. H. Winchell, (1876). Geological and 
Natural History Survey of Minnesota, 4th Annual Report, p. 42. 

Lower Trenton limestone, N. H. Winchell, (1877). Geological and 
Natural History Survey of Minnesota, 5th Annual Report, pp. 147, 148. 

Trenton limestone, N. H. Winchell, (1888). Geological and Natural 
History Survey of Minnesota, Final Report, vol. ii, pp. 10 (39), 70, 288, 
.356, 388. 

Trenton limestone beds, C. W. Hall, (1889). Bulletin Minnesota 
Academy of Natural Sciences, vol. iii. No. 1, p. 113. 

GREEN SHALES. 

Green Shales, N. H. Winchell, (1876). Geological and Natural His- 
tory Survey of Minnesota, 4th Annual Report, p. 42. 

Green Shales, N. H. Winchell, (1877). Geological and Natural His- 
tory Survey of Minnesota, 5th Annual Report, p. 147. 

Green Shales, N. H. Winchell (1884). Geological and Natural History 
Survey of Minnesota, Final Report, vol. i, p. 218. (Hudson River 
Shales), 29.3, a34. 

Green Shales, N. H. Winchell (1888). Geological and Natural History 
Survey of Minnesota, Final Report, vol. ii, p. 40. 

TRENTON SHALES. 

Trenton shales. E. O. Ulrich (188^. Geological and Natural History 
Survey of Minnesota, 14th Annual Report, p. 57. 
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Trenton Shales, N. H. Winchell (1888). Geological and Natural His- 
tory Survey of Minnesota. Final Report, vol. II, p. 288, 356. 

This term Trenton Shales ought perhaps to be treated as a synonym 
for Green Shales, which* it is in general, although the application of the 
term makes it include more strata than under the old term. 

The Galena series has also been divided into two parts in a 
different manner from the above, and the first division, under 
the name Trenton, contained the Lower Trenton, Green Shales 
and Upper Trenton, arid the second was called Galena. AI- 
though the division was probably intended to be the same as 
that in Iowa and Wisconsin under the same name, it is so 
much different that a separate heading is required. 

"TRENTON." 

Trenton limestone, N. H. Winchell (1873). Geological and Natural 
History Survey of Minnesota, 1st Annual Report, p. 92. 

Trenton limestone, M. W. Harrington (1876). Greological and Natu- 
ral History Survey of Minnesota, 4th Annual Report, p. 90, 111. 

Trenton limestone, N. H. Winchell (1877). Geological and Natural 
History Survey of Minnesota, 5th Annual Report, p. 25 and 147. 

Trenton limestone, N. H. Winchell (1884). Geological and Natural 
History Survey of Minnesota, Final Report, vol. I, p. 370. 

The term Galena, as used co-ordinate with this last exten- 
sion of the term Trenton, includes only the upper part of the 
Galon proper. 

"galena." 

Galena limestone, N. H. Winchell (1874). Geological and Natural 
History Survey of Minnesota, 1st Annual Report, p. 104. 

Galena limestone, M. W. Harrington (1876). Geological and Natural 
History Survey of Minnesota, 4th Annual Report, p. 91. 

Galena formation, N. H. Winchell (1884). Geological and Natural 
History Survey of Minnesota, Final Report, vol. I, p. 334, 371. 

In one instance the term Upper Trenton is used to include 
the Galena exclusive of the "Galena'* as given above. 

Upper Trenton, N. H. Winchell (1884). Geological and Natural His- 
tory Survey of Minnesota, Final Report, vol. I, p. 334. 

Except as just described, the division of the Galena forma- 
tion has not been attempted until very recently. And it seems 
possible that the separation into ''Upper Trenton," as given, 
and "Galena" was due to mistake and that the intention was 
to make the same division in Minnesota as in Iowa and Wis- 
consin. 

The Galena formation, as a grand division of the Galena- 
Trenton series and co-ordinate with the Beloit or -'Trenton" 
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limestone series, is found to have been described under the 
following: 

&ALENA FORMATION. 

Galena limeetoDe, I. A. Lapbam (1851). Geology of the Lake Supe- 
rior Land District, p. 160. 

Galena limestone, James Hall (1851). Geology of the Lake Superior 
Land District, p. 291. 

Galena limestone, James Hall (1858). Geology of Iowa, vol. I, part 1, 
p. 60. 

Gralena limestone, J. D. Whitney (1858). Geology of Iowa, vol. I, part 

I, p. 350. 

Galena limestone, James Hall (1861). Geology of Wisconsin, vol. I, 
p. 43. 

Galena limestone, J. D. Whitney (1861). Geology of Wisconsin, vol. I, 
p. 168. 

Galena limestone, A. H. Worthen (1866). Geological Survey of Illi- 
nois, rep. vol. I, p. 141. 

Galena limestone, J. D. Whitney (1866). Geological Survey of Illi- 
nois, rep. vol. I, p. ]69. 

Galena limestone, C. A. White (1870). Geology of Iowa, vol. I, p. 
176. 

Galena limestone, James Shaw (1873). Geological Survey of Illinois, 
rep. vol. V, p. 17, 36, 66, 76, 86, 99, 111, 129, 154. 

Upper Trenton limestone, N. H. Winchell (1876). Geological and 
Natural History Survey of Minnesota, 4th Annual Report, p. 42. 

Upper Trenton limestone, N. H. Winchell (1877). Geological and 
Natural History Survey of Minnesota. 5th Annual Report, p. 147. 

Galena limestone, T. C. Chamberlin (1877). Geology of Wisconsin, 
vol. II, p. 305. 

Galena limestone, R. D. Irving (1877). Geology of Wisconsin, vol. II, 
p. 562. 

Galena limestone, Moses Strong (1877). Geology of Wisconsin, vol. 

II, p. 683. 

Galena limestone, Moses Strong (1883). Geology of Wisconsin, vol. 
IV, p. 90. 

Galena limestone, T. C. Chamberlin (1883). Geology of Wisconsin, 
vol. IV, p. 407. 

Galena (dolomite), T. C. Chamberlin (1883). Geology of Wisconsin, 
vol. I, p. 165. 

Upper Trenton limestone, N. H. Winchell (1884). Geological and 
Natural History Survey of Minnesota, Final Report, vol. I, p. 290, 293. 

Upper Trenton limestone, N. H. Winchell (1888). Geological and Nat- 
ural History Survey of Minnesota, Final Report, vol. II, p. 39. 

Galena limestone, W J McGee (1891). Annual Report, United States 
etiological Survey, p. 327. 

Giilena limestone, Chas. R. Keyes (1893). Iowa Geological Survey, 
1st Annual Report, p. 25. 
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The Galena limestone has been locally made to include some 
strata that contain a fauna ditferent from that of the Galena 
series and which form apparently a transition bed. Most 
often in Illinois and eastern Wisconsin the base of the "Cin- 
cinnati" or '-Hudson River group" is not known. But in 
northwestern Illinois and adjacent parts of Wisconsin and 
Iowa the demarkation has been made above the transition 
bed just mentioned. There has not, however, boen uniformity 
even with the same author evidently in this demarkation. In 
southeastern Minnesota this transition shale and limestone 
bed has been included in the upper series. The above syn- 
onymy of each series is given in general without discrimina- 
tion in this respect. The discussion of the matter will be 

given later. 

MAQUOKETA SERIES. 

Hudson River j^roup, James Hall (1851). Geoloj^y of the Lake Supe- 
rior Land District, p. 118. 

Hudson River group, or Blue Limestone and Marls (of Ohio), Charles 
Whittlesey (1851). Geok)gy of the Lake Superior Land District, p. 174. 

Blue Shales, James. G. Perceval (1855) and (1856). Annual Report, 
Geolop:ieal Survey of Wisconsin. 

Hudson River group, James Hall (1S58). Geologj- of Iowa, vol. I, 
part I, p. 64. 

Hudson River Group, J. D. Whitney (1858). Geology of Iowa, vol. I, 
part 1, p. i^56. 

Green and Blue Shales and Limestones, James Hall (1861). Geology 
of Wisconsin, vol. I, p. 47. 

Hudson River Group, J. D. Whitney (1861). Geology of Wisconsin, 
vol. I, p. 177. 

Cincinnati Group, A. II. Worthen (186(>). Geological Survey of Illi- 
nois, rep. vol. I, p. 137. 

Cincinnati Group, J. D. Whitney (1866). Geological Survey of Illi- 
nois, rep. vol. I, p. 175. 

Cincinnati Group, A. H. Worthen (1868). Geological Survey of Illi- 
nois, rep. vol. Ill, p. 26. 

Maquoketa Shales of the Cincinnati Group, C. A. White (1870). Ge- 
ology of Iowa, vol. 1. p. 180. 

Cincinnati Group, F. H. Bradley (1870). Geological Survey of Illinois, 
rep. vol. IV, p. 200, 210, 2:i3. 

Cincinnati Group lor Shales), James Shaw (1873). (Tcologioal Survey 
of Illinois, rep. vol. V, p. 16, ;^. 65, 77, 09, 110, 131, 152. 

Hudson River or Cincinnati Group, C. Rominger (1873). Geological 
Survey of Michigan, rep. vol. I, part 3, p. 50. 

(xalena limestone, N. H. Winchell (1870i. 4th Annual ReiK)rt, Geo- 
logical and Natural History Survey of Minnesota, p. 49 (includes some 
Devonian by error). 
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Cincinnati Shales and Limestone, T. C. Chamberlin (1877). Greology 
of Wisconsin, vol. II, p. 3r4. 

Cincinnati Group, Moses Strong (1877). Geology of Wisconsin, vol. 
II, p. 685. 

Hudson River (Cincinnati) Shales and Limestone, T. C. Chamberlin 
(1883), (ieology of Wisconsin, vol. I, p. 170. 

Cincinnati Group, F. W. Sardesou (1892). Bulletin, Minnesota Acad- 
emy of Natural Sciences, vol. Ill, No. 3, p. 325. 

Cincinnati Limestones and Shales, C. W. Hall and F. W. Sardeson 
(1892). Bulletin. Geological Society of America, vol. Ill, p. 365. 

Maquoketa Shales, W J McGee (1891). 11th Annual Report, United 
States Geological Survey, p. 326. 

Maquoketa Shales, Chas. R. Keyes (1893). 1st Annual Report, Iowa 
Geological Survey, p. 14. 

Maquoketa Shales, W. H. Norton (1893). 2d Annual Report Iowa 
Geological Survey, p. 177, pars. 

The lower two- thirds of the Maquoketa have been some- 
times clearly described as Galena. 

Galena limestone, N. H. Winchell (1884). Greological and Natural 
History Survey of Minnesota, Final Report, vol. I, p. 290, 297. 

Galena limestone, N. H. Winchell (1888). Geological and Natural 
History Survey of Minnesota, Final Report, vol. II, p. 41. 

Galena, Samuel Calvin (1895). 4th Annual Report, Iowa Geological 
Survey p. 80, 92. 

Conclusion, 

The classification of the Galena and Maquoketa series is. 
easily seen to be lacking in uniformity, both in respect to di- 
vision and to nomenclature throughout their extent. Accord- 
ing to strict rules of priority, essentially that classification 
which has been and is recognized in Wisconsin should be valid 
in all four states and all counties where the Galena and Ma- 
quoketa series are found. Indeed, that fact seems to have 
been nearly always recognized, or, at least for no other appa- 
rent reason, that nomenclature is used in classifications where 
even a different basis of subdivision is followed. 

There is, however, in each of the other classifications that 
are in the above diagram a basis of truth, and their deviations 
are founded upon existing characters, whose meaning ought 
to be expressed in any general uniform classification of these 
series. To the Wisconsin classification, which will need to be 
but little corrected, should be added data derived from the 
others, as well as some data not expressed in any. Practically 
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all of the divisional lines that have been selected by different 
authors for different localities can and ought to be recognized. 
There should even be added one or two more in order to ex- 
press more nearly the true relations of the strata of the two 
series to each other. Such a classification will be the subject 
of the next paper. 



ORIGIN OF THE HIGH TERRACE DEPOSITS OF 
THE MONONGAHELA RIVER.* 

By I. C. White, Mor^aDtown, W. Va. 

At the Minneapolis meeting of the A. A. A. S., in 1883, the 
writer presented a paper before Section E in explanation of 
the terrace deposits along the Monongahela river, as well as 
those along the old and abandoned Teazes valley, which ex- 
tends from the Great Kanawha at St. Albans, along the C. A 
O. R. R. to the Ohio river at Guyandotte. 

In that paper the origin of these deposits was referred to 
the hypothetical glacial dam in the region of Cincinnati, evi- 
dence for the existence of which had just then been published 
by Prof. G. F. Wright, of Oberlin, Ohio. 

Continued studies of the river between the Great Kanawha 
and the Monongahela have still led the writer to refer the 
terrace deposits of the latter river to a glacial dam, but not to 
the one which Prof. Wright believes existed at Cincinnati. 

It is now pretty surely established, through the work of 
Carll, Spencer, Hice, Foshay, Chamberlin, Leverett, and oth- 
ers, that the Monongahela, lower Allegheny, and upper Ohio 
waters drained northward into the lake Erie basin in pre-gla- 
cial time. The great ice-field which covered northern Ohio 
and Pennsylvania, and descended southward nearly to the 
Ohio river at Rochester, or Beaver, Pa., would, of course, ef- 
fectually stop the northward drainage of this pre-glacial river, 
and impound the accumulating water into a vast lake-like 
reservoir, until it filled up to the level of any divides that 
might lead the surplus water across them to other drainage 
channels. 

If any such old outlets exist, they would furnish almost a 
demonstration of the reality of this supposed glacial lake, 

*A '*G. S. A." paper, read before Section E. of **A. A. A. S.," at 
the Butfalo meeting, Auj^ust, 189(J. 
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which I have named lake Monongabela. The writer has often 
called the attention of geologists to a remarkable old gap in 
the divide which now separates the Ohio and Monongahela 
waters, at the head of the latter stream, just west of Salem, 
on the Baltimore and Ohio Southwestern R. R., thirty-six 
miles west from Grafton. It is a valley 300 to 400 feet wide, 
filled with clay deposits, and separating Ten Mile creek, on 
the Monongahela side, from Middle Island creek waters of the 
Ohio drainage. The summit of this coll, one mile west of Sa- 
lem, is 1,102 feet, A. T., while the bottom of the cut through 
it on the railroad or bed-rock under the clay-covered summit, 
is 1,081 feet, A. T. 

At the head of Rock Camp creek, another tributary of Ten 
Mile creek, w^hich heads several miles (8 to 10 miles) north of 
Salem, there is another gap through the* divide at exactly 1,143 
feet, A. T., as determined by an experimental R. R. survey. 
Also, Prof. T. M. Jackson informs me that there is a third gap 
through the same divide, one mile north from the one on the 
Baltimore & Ohio R. R., and through this the North West 
turnpike passes. 

The general elevation of the divide which separates the 
waters of Ten Mile and Middle Island creeks is 1,400 feet to 
1,600 feet, A. T. Here, then, are three gashes or wiers cut 
down 300 feet below the general level into valleys of consid- 
erable breadth from w^hose level summits the waters now go in 
opposite directions. 

The escape of the impounded water of lake Monongahela 
would sufficiently account for these old channels or colls. 
Curiously enough, there is another outlet at this same level 
(1,100 A. T.) near the head waters of the West Fork of the 
Monongahela, since the wide level summit at Arnold's, on the 
West Virginia and Pittsburgh R. R., is 1,095 feet, A. T., and 
the railroad is cut five to six feet below the level stretch of 
land which makes the divide between the Monongahela and 
Little Kenawha waters. This 1,100 foot divide at three or 
four different outlets from lake Monongahela, could hardly be 
a coincidence merely, but must represent the old colls through 
which the surplus water of the imprisoned rivers escaped to 
lower levels during glacial times. 
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We thus have at hand an explanation of the immense depos- 
its of stratified silts, clays, boulder beds, and other trash found 
at the junction of streams all along the Monongahela river, 
and especially above the level of the upper slopes of the river 
gorge, beginning atone hundred to one hundred and fifty feet 
above the present river. 

A large stream, Decker's creek, joins the Monongahela at 
Morgantown, coming in from the east after cutting through 
Chestnut ridge and draining a large mountain area east from 
the latter. At its junction with the Monongahela it has 
dumped large deposits of sand, boulders, and clay, which after 
much erosion still retain, in favorable localities, a depth of 
seventy feet. From this fact, and also because these deposits 
were first studied there, I have named them the Morgantown 
beds, confining the name to the deposits which rest on the pre- 
glacial rock-floor of the river. These beds, which are often as 
distinctly stratified as the under-lying Coal Measure rocks, 
can be found wherever any shelf of the ancient rock-floor of 
the river has been preserved, from the head of the Mononga- 
hela to Pittsburg, and on northwestward along the Ohio, and 
up the Beaver until they are met and submerged by the vast 
deposits of the terminal moraine. About one mile north from 
Morgantown, and near the Flats school-house, these beds con- 
tain beautifully preserved fossil plants imbedded in a bluish 
gray pottery clay of impalpable fineness. The plant bed lies 
at an elevation of 240 feet above the present river, or about 
1,080 feet A. T. 

The small collection that I made of these plants and depos- 
ited in the West Virginia University, several years ago, to- 
gether with collections made at different times by Prof.^S. B. 
Brown, of the University, and also some collected by Mr. 
Walter Hough, of the National Museum, were all sent to Dr. 
F. 11. Knowlton, the accomplished paleobotanist of the U. S. 
National Museum, Washington, D. C, for identification. Un- 
der date of Sept. 17th, 1895, Dr. Knowlton sent me the follow- 
ing account of these fossils: 

Report nil a CoNection of Fossil Plants from Morgantown^ 

West Virginia. 
By F. H. Knowlton, Ph. D. 

Solium years ago I was informed by Dr. Walter Hough of the U. S. 
National Museum of the existence of finely preserved fossil leaves in the 
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vicinity of Morgantown, W. Va. A few small f ragmen t8 were brought 
to the Museum by Dr. Hough, but it was not until 1894 that a collec- 
tion of any magnitude was obtained. These proved to be of so much 
interest that the collection in the West Virginia University has also, by 
the kindness of S. B. Brown, professor of geology, been placed at my 
disposal. This material has all been made use of in the following ex- 
amination. 

The study of these plants has not been quite completed, but enough 
has been done to transmit the following presentation. A few well pre- 
served examples appear to be new to science or at least not readily 
identifiable with known forms. 

Thus far ten forms have been determined with much certainty as 
follows: 

1. EquiHetum aT^^ense L. 

A small fragment of a sterile branch. 

This species is distributed from Virginia to California and north- 
ward to Greenland, and is also found in Europe. It is very abundant 
and attains perhaps its maximum development in New England. 

2. CyperuH sp. 

There are a number of stems that belong evidently to some cypera- 
ceous plant, but they are too fragmentary to be determined. 

3. Potamogeton robhinsii Oakes. 

There are a great number of fragments of stems and leaves of this 
species, all so well preserved as to leave no doubt as to the correctness 
of their identification. Its present distribution is from New Brunswick 
to New Jersey, north of lake Superior and northward. 

4. Liquidavibar styracifolia L. 

A number of fruiting heads and leaves are referred to this species. 
Its present distribution is from Connecticut and Illinois to Florida and 
Texas. 

5. Platanus occidentaliH L. Sycamore, 

Several fruiting heads are referred to this species. It is found from 
Maine to Vermont, south. 

6. Ulmus racemosa Thomas. The White Elm, 

A well preserved leaf is referred to this species. It is now found from 
Ontario and Vermont to Missouri and Kentucky. It is nowhere very 
common, but is most abundant at the north. 

7. Qiiercus falcata Mich. 

Two finely preserved leaves of this species. It is found from Long 
Island to Florida. 

8. Betula nigra L. Black Birch. 

There are several leaves of this species all perfectly preserved. The 
tree is now distributed from Massachusetts to Florida. 

9. Fagusfen-iiginea Ait. Beech, 

A large number of well preserved leaves are referred without hesita- 
tion to this species. It is a common tree from Nova Scotia to Florida 
and west. 

10. Cas ta N ea p u in ila Mill. Ch i nq iiapin. 
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A single leaf only is referred to this form. It now grows commonly 
from Pennsylvania to Florida and west to Indiana and Texas. 

The species thus far determined all belong to living species. Some 
of them enjoy a wide distribution and are still found growing in the re- 
gion, while others are now only found to the north. One in particular, 
Potnmogeton robbinsii, is confined to the north. 

It seems probable from the evidehce of the plants that they were 
pushed down from the north during the ice invasion and were en- 
tombed, while the species has retreated again to the colder area. 

The occurrence of Potamogeton vobbinsii in these beds is of 
special interest, since it practically demonstrates that there 
was during Glacial times a movement of water from the edge 
of the ice near Beaver, Pa., southward along the Mononguhela 
valley through the escape wiers just described, which brought 
with it this northern plant. It is possible that a systematic 
search would bring to light many other such northern forms, 
as well as throw much light upon the slight changes that have 
taken place in species since the Glacial epoch, because there 
can be little doubt that these plants were embedded in their 
present matrix during the Ice age The particular locality 
in which the plants occur is near the head waters of two little 
streams which rise against each other, and then flowing north, 
empty into the Monongahela, their mouths being two and one- 
half miles apart. 

The broad level summit between the heads of the two 
streams is covered witli the clay deposits up to 251 feet above 
the present river bed, and at one locality (Mr. Baker's well) 
they have a thickness of 65 feet. The surrounding hills are 
made up of the soft shales of the Barren or Elk River coal 
measures, and it is in just such a sheltered bayou back from 
the main channel of the river that we would expect to find 
such deposits in lake Monongahela. 

A fine quality of clay for common blue stoneware, or crock- 
ery, is always found among these deposits where any consid- 
erable stream empties into the Monongahela from the west 
(soft rock areas), while sand and boulders predominate at the 
mouths of those streams draining from the east (mountain or 
sand-rock areas). The celebrated potter}' days of Geneva and 
(Treensboro, Pa., just north from tiie West Virginia-Pennsyl- 
vania line are deposited opposite the mouth of Dunkard creek, 
a stream entering the Monongahela from the west, and drain- 
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ing quite a large area of Permian shales. Here the following 
structure is exposed at the clay diggings back of Geneva in 
descending to the Monongahela river: 

1. Rounded boulders, sand, and river trash 50 ft. 

2. Soil, boulders, etc., to top of clay bed 5 ft. 

3. Reddish clay, fine, tough 10 ft. 

4. Clay mixed with sand, and brown iron ore 6 ft. 

5. Bluish gray clay, fine, tough 10 ft. 

6. Bed-rock to level of Monongahela river 140 ft. 

The elevation of low water here is 772 feet A. T. so that 
the rock floor of the old river is now 912 feet A. T. 

The same kind of clay as that at Greensboro and Geneva, 
and which occurs at 150 feet above the river on the Millan 
farm, West Morgantown, was analyzed by Dr. De Roode, 
chemist of the U. S. Agricultural Experiment Station at Mor- 
gantown. W. Va., with the following results: 

Silica r>r).95 

Alumina 20.23 

Oxides of iron 3.17 

Lime 0.32 

Magnesia 1.36 

Soda 0.53 

Potash 2.60 

Water and loss 5.84 

Total 100.00 

At Morgantown, sixteen miles above Geneva, the level of 
the old rock floor at the head of High street is 916 feet A. T. 
or 129 feet above river level, and the same at the University 
buildings, which are situated on top of this old river channel. 
But on the west side of the river, at Keek's hill, where the de- 
posit is 70 feet thick, the level of the old floor is only 905 feet 
A. T. This dirt'erence between Morgantown and Geneva is to 
be explained because of the soft shale floor of the old channel 
at Morgantown, which was eroded deeper than the hard sand- 
stone of the old channel at Geneva. 

At Utfington, three and one-half miles above Morgantown, 
near the mouth of Booth's creek, we find the level of the old 
floor on the hard Mahoning sandstone under a large deposit 
of sand (brought out of the mountains from the east by 
Booth's creek), at 915 A. T., or 125 feet above the present 
bed. 
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Fairmont and Palatine at the junction of the Tygart's val- 
ley and West Fork rivers, 26 miles above Morgantown, are 
situated on the wide plain excavated by the pre-glacial river, 
and as might be expected, the old rock floor is covered to a 
great depth with terrace deposits, consisting of sand, rounded 
boulders, etc., from the Tygart's valley, and pottery clays from 
the West Fork river. The elevation of the old rock-floor is 
972.5 feet A. T., or 122 feet above the present river, while the 
top of these deposits extends up to 1,067 feet A. T. 

The terrace material at Fairmont has been well exposed 
along Fairmont avenue, and its stratified condition is well 
shown. At the Smith & McKinney building the excavation 
showed the ditferent stratified layers of sand and clay dip- 
ping about 10^ to the west. 

A layer of clay, about eight feet thick, at near 1,000 feet 
A. T., has long been mined for pottery clay, in the Fairmont 
region. The corresponding bed at Morgantown has an eleva- 
tion of 945 feet A. T. 

At Clarksburg, thirty miles above Fairmont, the West Fork 
river is joined by a large tributary. Elk creek, and the two 
streams had carved out a wide valley in pre-glacial time, 
whose rock-floor under the city has an elevation of 986 feet 
A. T., or about 70 feet abov« low water (916 feet A. T.) at 
the junction of Elk and the West Fork rivers. Here a great 
deposit of clays and quick-sand, twenty-five feet thick, covers 
all the level surfaces up to 1,020 feet A. T. There are some 
layers of rather coarse sand in the deposits, but the clays 
predominate, and they are found all along the West Fork 
river, and its tributaries from Fairmont t^ Clarksburg and on 
beyond to Weston, thirty miles south, where they extend to 
only about thirty feet (1,020 feet A. T.) above water level 
(990 feet A. T.). 

At Grafton, on the Tygart's valley river, twenty-two miles 
above Fairmont, the elevation of the top of the railroad pier 
in the river is 997 feet and the terrace deposits extend only 
about twenty-five feet higher. 

The principal town sites along the Monongahela river from 
Weston to Pittsburg, viz: Weston, Clarksburg, Grafton, Mo- 
nongah, Fairmont, Palatine, Montana, Morgantown, Point 
Marion, Geneva, Greensboro, Rice's Landing, Fredericktown, 
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Brownsville, Belle Vernon, Charleroi, Monongahela, Elizabeth, 
McKeesport, Braddock, Homestead, all have their upper and 
more level portions situated on the ancient floor of the pre- 
glacial valley. It is this wide and almost level area of depos- 
its, stretching from Braddock to the Monongahela, across to 
the Allegheny river via Homestead, and East Liberty, which 
forms the principal site of Pittsburg itself, as well as Alle- 
gheny, beyond. Here a remnant of this ancient valley floor 
is appropriately named Monument hill, rising, as in does, like 
an island between the present mouth of the Allegheny river 
and its filled-up and more ancient channel just north of the 
island. The bed rock under the terrace deposit^ of Monument 
hill is now 190 feet above low water or 890 feet above tide, and 
the rock floor under the vast terrace deposits at Bellevue, still 
further down the Ohio river comes at the same elevation, 
while the summit of the same deposit there, as well as in Pitts- 
burg and Allegheny, has nowhere been observed above 990 
feet A. T., or 290 feet above low water in the present rivers. 

This old elevated valley floor can be followed down the Ohio 
river to Rochester, and up the Beaver river past New Brighton, 
Beaver Falls, Rock Point, Wampum, Mahoningtown, and New 
Castle, beyond which, up the Shenango, it sinks out of sight 
under the drift-filled valleys, and at Sharon is submerged by 
60 feet of cover, 40 feet below the present wat^r level, or 780 
feet A. T. 

The exact course of the pre-glacial river from Sharon north- 
westward to the lake Erie basin has not yet been clearly de- 
lineated, but Mr. Leverett's studies leave little doubt that from 
Sharon the course was northwestward through the low drift- 
filled divide at Warren, O., (now only 900 feet A. T., and its 
rock floor probably 200 feet lower), and thence northward 
along the general course of Grand river. 

Just how long lake Monongahela existed, and drained its 
surplus waters s^outhward through the Middle Island and Lit- 
tle Kanawha gateways, cannot be estimated except by the de- 
posits just described; but finally the barrier along the upper 
Ohio, (probably at the ''narrows" below Moundsville, W. Va., 
as believed by Profs. Chamberlin and Lcverett) gave way, and 
the level of lake Monongahela was speedily lowered by the 
rapid cutting away of the soft rocks along the present Ohio 
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valley. Just how much of Ohio river history dates from this 
interglacial origin, it is yet impossible to determine, but the 
character of the topography along the river, everywhere be- 
tween Rochester, Pa., and Cincinnati, O., (below which the 
writer has not studied it), would lead to the conclusion that 
all this portion of the river is new, and that the conclusions of 
Prof. Tight, of Denison University, Granville, O., are well 
maintained, viz : that in pre-glacial times the waters of the 
Muskingum, Scioto, and other rivers of Ohio, all flowed north- 
ward into the lake Erie system. 

This being true, it would follow as a corollary that all of the 
West Virginia rivers which rise on the western slope of the 
Allegheny mountain-divide, including the Little and Big Ka- 
nawhas, and the Big Sand}'', must have once gone northward 
in pre-glacial times and joined the Scioto, Muskingum, and 
other Ohio streams in their northward course, right athwart 
the present valley of the Ohio, but on a plane probably 200 to 
300 feet above the present rock tloor of the Ohio. The search 
for these former high level valleys north from the Ohio, as 
bisected by it, is reserved for a future chapter, and it is pos- 
sible that therein may be found an explanation of the old 
and abandoned high level Teazes valley, which does not admit 
of the explanation suggested by Prof. William M. Davis, in a 
recent number of "Science," viz : stream piracy of Coal river 
by the Great Kanawha, because the old valley in question 
is filled with transported boulders and gravel that could have 
come only from the crystalline rocks of the Blue Ridge in Vir- 
ginia, and hence the Kanawha itself must once have flowed 
along Teazes valley, and been captured by another stream 
which led it northward to the newly cut Ohio valley, at Point 
Pleasant. 

If the conclusions here inferred could be fully sustained by 
further study of the Ohio river system, it will be readily per- 
ceived that a pre-glacial drainage map of Pennsylvania. Ohio. 
West Virginia, and Kentucky would bear very little resemblance 
to a map of the present drainage, for if the Monongahela, 
Lower and Upper Allegheny once went northward into the 
lake P>ie basin, there can be no doubt that the Upper Susque- 
hanna also took this northward route to the sea, in pre-gla- 
eial times, and that much of its present course through Penn- 
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sylvania is new. The resultant modifications which such a 
chanj^e of direction in a great river system must necessarily 
bring to pre-existing drainage lines, are so varied and amaz- 
ing even in contemplation, that their study must furnish many 
problems of surpassing interest to topographers of the modern 
school, so ably typified by Prof. Davis and his work. 

he following table represents the descent of the ancient 
Monongahela river toward the lake region for a portion of its 
course between. Weston, W. Va., and Sharon, Pa., as well as 
the present water levels between the same points, and also the 
highest levels of the Morgantown beds, where known : 

Present Ancient Top of 
Miles river, river, Deposits, 

A. T. A.T. A. T. 

Weston 990 1,000 l,a% 

40 Clarksburg 916 986 1,020 

75 Fairmont 851 973 1,067 

101 Morgantown 787 916 1,038 

117 Geneva 772 912 1,022 

206 Pittsburg 700 890 990 

.332 Rochester 662 865 

237 Beaver Falls 715 860 

246 Rock Point 740 840 

257 New Castle 780 825 

278 Sharon 840 780 

This table shows that while the present river falls 290 feet 
between Weston and Pittsburg, the floor of the ancient stream 
descended only 110 betwen the same points, or only about one- 
half foot per mile, which is practically that of a base-leveled 
valley, or one quite advanced in age, to say the least. The 
rapid descent of the modern river below the old rock floor of 
the ancient one gives rise to the steep slopes and gorge-like 
character of the Monongahela valley every where between Wes- 
ton and Pittsburg, while the same is true of the lower courses 
of all the larger tributary streams, the descent in these being 
very rapid in the last few miles of their courses, while in their 
upper reaches the slope is gentle and the topography much 
older looking. 

The smaller streams, which rise only five to ten miles back 
from the Monongahehi, descend to it in the last mile or two of 
their courses by a series of rapids and cascades, while the still 
smaller brooks and rivulets have cut more notches in the 
bounding valley walls below the level of the ancient rock floor 
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of the MoDongahela, so that every feature of the topography 
tends to confirm the conclusion that the age of the river be- 
low the old base-leveled plain shown in the table, has been of 
comparative short duration, and must be measured bv only a 
few thousand years at most. 

The writer had intended to present a map with this paper, 
showing in a crude way the pre-glacial drainage of the areas 
herein described, but so much detailed work must yet be done 
before any approach to accuracy can be hoped for that the map- 
ping is left for other and more skillful workers in this prom- 
ising field. In this connection I would call the attention of 
students of the subject to the former northward course of the 
Little Beaver and the Slippery Rock. 

The former once went northward along with the Mononga- 
hela drainage, but being dammed up by the northern ice it 
cut a new channel about fifteen miles long, southward into 
the Ohio river drainage, and this fully accounts for the won- 
derful change in topography along the lower portion of its 
course, as well as for the southward transportation of large 
granite boulders several miles beyond the limits of true gla- 
cial movement, thus giving rise to the phenomena called the 
" fringe*' by Lewis and Wright ; for wherever a stream was 
thus impounded the blocks of ice floating southward across 
these temporary lakes from the terminus of the glacier would 
of course bear away and, melting, scatter over the surface 
many masses of imbedded rock. 

The Slippery Rock now joins the Connoquenessing in a cu- 
rious manner, by meeting it direct, and the combined stream 
turns otf at right angles to enter the Beaver at Rock Point. 
In pre-glacial time the Slippery Rock left its present channel 
a short distance above Kennedy's upper luill, and following 
the present valley of Big run, turned northwestward near New 
Castle, and cutting squarely across the present gorge of the 
Neshannock (which is also of post-glacial origin) passed two 
and one-half miles north of New Castle and entered the an- 
cient Monongahela near Harbor Bridge. All this is fully at- 
tested bv the wide drift buried vallev, which can be followed 
from Slippery Rock clear through to the Shenango. and the 
course of this ancient stream alsfo confirms the conclusion of 
Leverett that the pre-glacial drainage took the Shenango 
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route via Sharon instead of the Mahoning, and that the lower 
portion of the latter stream is of recent origin. The Slippery 
Rock was turned southward at Kennedy's upper rail! by the 
advancing ice-sheet which filled its pre-glacial valley, and on 
retreating left a dam of drift 100 feet high across its former 
course, while the wild gorge and raging stream between Ken- 
nedy's mill and the Connoquenessing, so different from the 
wide valley and sluggish current above the mill, though the 
outcropping rocks are the same, fully attest the recent origin 
of the twenty-mile cut between the mill and the Connoquen- 
essing, near Wirtemburg. 



EVIDENCE OF THE FORMER EXTENSION OF . 
GLACIAL ACTION ON THE WEST COAST 
OF GREENLAND AND IN LABRADOR 
AND BAFFIN LAND. 

By Geohoe H. Barton, Bostou, Masb. 

The Sixth Peary Expedition to northern Greenland, in the 
summer of 1896, carried two outside and independent parties, 
one from Cornell University under the direction of Prof. R. 
S. Tarr, and one from the Miissachusetts Institute of Tech- 
nology under the direction of Prof. Alfred E. Burton. Of the 
latter party the writer was a member. 

Sailing from Sydney, Cape Breton, July 16, on the steam 
whaler ** Hope," a fine vessel for work in the ice, the first ice- 
bergs were encountered at the northern entrance to the Strait 
of Belle Isle on the 18th, and on the 19th pan-ice was encoun- 
tered, which was found in more or less abundance as far north 
as Cumberland sound, the entrance to which was so completely 
filled with it that no passage could be found. Stops were 
made at Turnavik, on the coast of Labrador, at various points 
in Hudson strait lilong its north shore, and on Big Savage 
island; and then, after a vain attempt to enter Cumberland 
sound, a direct run was made across Davis strait. The Green- 
land coast was first sighted some distance south of Disko bay, 
about lat. 67^. A short stop was made at Godhaven, at Sar- 
kak, which is at the head of Disko bay, then passing through 
the Waigat, with a brief visit to the mainland when about half 
way through, and around the end of Nugsuak peninsula, the 
Institute party were landed, on the morning of August 5, at 
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the little settlement of Umanak, on an island in the large 
Umanak fiord, lat. 70*^ 40'. From this as a base extended 
trips were made by boat to the head of Karajak fiord, where 
the two Karajak glaciers were studied in detail, as well as 
some of the smaller ones, and brief observations made upon 
all along this fiord, and also to the head of Itivdliarsuk fiord, 
where brief observations were made upon the several glaciers 
there. From Karajak fiord visits were made to the edge of 
the inland ice in two places, and a single trip was made upon 
its surface inland to a distance of perhaps fifteen miles be- 
yond the nearest exposed land. Returning to Umanak, the 
party was taken on board the " Hope" on its return from the 
north, on September 9; and after brief stops along the Nug- 
sauk peninsula and at Godhaven, sailed direct for Cumberland 
sound, off which ice was again encountered which caused a 
delay of two days before entrance could be made to the 
sound. Two days were then spent in visits to Niantilik and 
Black Lead island. The latter place was left on Sept. 19, no 
ice was met with and but few bergs, and Sydney was reached 
on Sept. 26, with all the members of the various parties in 
good health. 

Evidences of former extension of glacial action. At Tur- 
navik, on the Labrador coast, the whole country is well round- 
ed to the highest summits, giving fine roches moutonntes in 
many instances. Strite are well preserved for some distance 
above sea-level, but weathering has caused them to disappear 
from the higher elevations. Furrows are numerous at all 
elevations, some of which are strongly curved, in direction. 
The motion of the former ice-sheet was about northeast, 
nearly normal to the coast line. Erratics are rare, if not en- 
tirely wanting, the few boulders present seeming to be due to 
local decomposition. 

Tile coastal area of Labrador, from Turnavik to cape Chid- 
lev, as seen from the vessel, has, in general, the rounded 
appearance of a glaciated region. In the vicinity of cape 
Mngford. lat. 58^ 80', Table hill. White Bear island, and the 
Kig-la-pait mountains, 2.000 feet high, nil appearance of 
rounding is lost when seen directly oil' shore, and only sharp 
peaks or serrated edges are seen, giving the inii)ression that 
the country here has never been overridden by an ice-sheet. 
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However, when seen from farther south, in a direction trans- 
verse to the direction of the iee-motion, if it passed toward 
the sea, rounded outlines are sufliciently distinct to justify 
the conclusion that probably the ice did override this as well 
as the other portions of the Labrador coast. 

At Big Savage island, on the north side of Hudson strait, 
lying off the south shore of Meta Incognita, the southeastern 
part of Baffin land, the summits are well rounded and a mo- 
raine lies directly upon the highest point above Ashe inlet, at 
a hight of 250 feet above sea. There were also observed here 
a large series of elevated beaches which were carefully studied 
by members of the C'Ornell party. The erratics here are of the 
same type as the underlying gneiss, with the exception of 
scattering fragments of a limestone that we did not find in 
aitu. 

On the mainland of Meta Incognita the general rounding is 
very .pronounced, the motion of the ice having been nearly, or 
quite, parallel to Hudson strait, and passing outward toward 
Davis strait. The underlying rock here is a coarsely banded, 
^^g^ily garnetiferous gneiss, containing many beds of a coarse- 
ly crystalline limestone. The erratics are of the same rocks 
as those below, except occasional small fragments of a fine 
grained limestone or dolomite, similar to those on Big island. 

In Cumberland sound, on the south side, at Black Lead is- 
land and Niantilik, tiiere is the same general rounding, though 
the surface of the rock is highly disintegrated and very rough, 
retaining no appearance of glaciation except upon the large 
scale. Here also the motion of the ice was toward Davis 
strait. Erratics are very numerous here, much more so than 
at other places on the west side of Davis strait. 

On the east or Greenland side of Davis strait, Disko island 
was the most southern point visited. At the south end of the 
island directly back of (Jodhavn. the cliff's are very precipi- 
tous, rising at once to a hight of more than 2,000 feet. As 
seen from one of the higher summits at this southern margin, 
the upper surface of Disko presents the appearance of an old 
|)eneplain with rounded domes and some sharp peaks rising 
above the g(?neral level. The rounded domes are apparently 
<M)vcred by ](K'a] ice-caps while the sharper peaks carry only 
narrow area?* of ice in their small valleys. In this part of the 
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island there is no complete ice-cap, but several small ones. 
These send down tongues through all the valleys descending 
to the sea, as described by Chamberlin.* Gneiss is the basal 
rock here, but is not seen far above sea-level, the upper por- 
tions being entirely basaltic. Erratics of gneiss are numer- 
ous, however, to the highest levels, which would imply that 
farther inland the gneiss rises to the upper surface of the is- 
land as suggested by Chamberlin, or, as I am inclined to 
think, that during a former extension of the main continental 
ice-cap of Greenland these erratics were transported across 
the Waigat. Time did not allow the investigation of this 
problem at Disko, but evidence of the former extension of the 
Greenland ice-cap in the Umanak region has caused the seri- 
ous consideration of this possibility. The Waigat separates 
the island of Disko from the Nugsuak peninsula. This pe- 
ninsula is one of the largest extending outward from the west 
coast of Greenland. It is bordered nearly all around with 
precipitous ditfs, in some places nearly vertical, which rise 
almost directly to about two thousand feet, and not far inland 
are peaks reaching from four thousand to six thousand three 
hundred, the highest point as given on the chart of the Brit- 
ish Admiralty. The highest elevation reached here at Eka- 
luit, near the northeast end of the peninsula, is about 3,000 
feet above the sea, and from this place eastward several 
points from 1,000 to 2,000 feet were visited. 

The peninsula, like the island of Disko, has its own local 
ice-caps, but unconnected, as far as seen, with the main ice- 
cap of the continent. From this a succession of tongues pass 
downward through very many of the valleys of the northeast- 
ern side, a few entering the sea, but the greater number 
stopping at some little distance above sea-level. With two 
apparent exceptions they all show evidence of comparatively 
recent diminution. The highest points visited present well 
rounded outlines of typical roche inoutonnee form, and strife 
are found nearly everywhere. 

The motion of ice here was approximately parallel to the 
Karajak fiord, which bounds it on the northeast, and outward 
toward Baflin's bay. The higher peaks, seen from a distance, 
are more angular, but most of them present some appearance 

♦Journal of Geology, vol. ii, p. 771. 
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of a steeper slope on thfe west and a more gentle slope on the 
east. The Ekaluit valley contains no glacier in the main 
valley, but the valleys tributary to it on the south nearly all 
have glacial tongues descending directly from the ice-cap. 
These all show evidence of diminution so far as visited. The 
main valley has well defined lateral moraines of an extinct 
glacier on its southern side, which have been cut through by 
the streams from the present lateral valley glaciers to a depth 
of about forty feet without reaching the bed rock below. 

On the nunatnk, between the Great and Little Karajak gla- 
ciers, at the head of Karajak fiord, the highest point, given on 
the chart as 1,260 feet above the sea, but in reality much 
higher, presents a series of most typical roches moatonnees^ 
with motion about parallel to the fiord, as before. On the 
peninsula of Anat, northwest of the Itivdliarsuk glacier, very 
tine roches rnoutonnifes occur on the highest point, about 3,100 
feet above the sea, with the motion parallel to that before 
mentioned. Erratics arc numerous over all the region sur- 
rounding the Karajak and Itivdliarsuk tiords, consisting prin- 
cipally of gneiss, which is the underlying rock of this whole 
region. On Anat, however, large numbers of limestone boul- 
ders occur, with also many of a sandstone closely like the 
Triassic of the Connecticut valley. These do not occur in situ 
outside of the ice-cap and must underlie it somewhere inland. 

Old lateral moraines occur along the mountain sides at 
various elevations above the present level of the Great and 
Little Karajak and Itivdliarsuk glaciers, indicating the former 
greater volume of these. A small valley cutting across the 
southern corner of Anat the bottom of which in its upper 
portion has about the same elevation as the present surface of 
the Itivdliarsuk glacier, contains lateral moraines, showing 
that this glacier once sent a tongue down this valley to the 
sea, making a nunatak of the extreme south point of Anat. 
At various places along the sides of the Karajak and Itivd- 
liarsuk fiords, at an elevation of perhaps 500 feet, are well 
defined lateral moraines. These are especially well shown on 
the islands of Umanak and Ikerasak, at the foot of the peak on 
each island. These peaks rise almost vertically above the 
rounding of the main mass of the islands to elevations of 
3,100 and 2,500 feet, respectively, both presenting sharply an- 
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gular forms »nd sharp serrated peaks. It is evident that at- 
one stage of the ice-sheet these were nunataks rising above 
the level of the ice, which is now approximately represented 
by the position of the lateral moraines. 

From the above evidence it seems clear that in this part of 
Greenland, at least, the continental ice-<*ap once extended far 
beyond its present limits. Whether, in its extreme extension, 
it passed beyond the limits of the outer headlands into the 
broad waters of Baffin's bay, T have not sufficient data to 
judge; nor from the limited area studied during the five weeks 
can any legitimate conclusions be drawn for other portions of 
the coast north or south of the Umanak region. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



The Elements of Geology: A text-book for Colleges and for the General 
Reader. By Joseph Le Conte. Fourth Edition, revised and enlarged, 
with new plates and illustrations. (New York. D. Appleton and Co., 
ISDt).) The well-known author of this popular work has rendered geol- 
ogy, and es|X^cially American geology, a service by revising it and incor- 
t>orating in this edition some of the results of more recent investigations. 
It is to-day probably the best known of American geological text-books, 
and the improvements imprf ssed on this edition will t-end to keep it in 
the lecture rcxmis and libraries of most American geologists. 

The entire book is divided into throt? parta viz: Dynamical Geology. 
Structural Geology, and Historical CJeology, in the order named, which 
is natural and logical. Under Dynamical Geology the treatment of vol- 
cmoeH. geysers and earthquakes is full, i)erhaps unreasonably full, for a 
text-lK>ok on geology, although these agents are amcmg the most inter- 
esting and jxiwerfu I of geological history. There is here, and in the 
discussion of the acrtion of glaciers, a series of ** graphic" illustrations, 
some of which, after the clear enunciaticm of the facts and the princi- 
ples involved, do not add to the clearness of the text, but are, instead, 
even embarrassing. Por instance, after the i>iiragraph on p. 47, on 
^'Motion of Glaciers."' which is clear, simple and comprehensible, one 
might ask: what is the need of the **Graphic Illustration'* of the same 
movement given on piige 48, which involves the study of a diagram with 
its lettering and its lining, its ordinates and co-ordinates? To many 
readers it Ls «in uni)Iea"=ant ol>stacle. as it gives nothing new, and is 
murt' time consuming and difficult of understanding than the simple 
summary statfrnent of the paragraph that precedes it. In general, how- 
ever, the illustrations, though not of tirsT class execution and quality^ 
are imj)ortant aids to the text. 
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It is, of course, difficult, in a revision of an old text-book, to amplify 
it equally, and bring it up to date in all directions without the substan- 
tial creation of a new work. One might wish that the author had taken 
the time to make such a new work. It is needed, in the light of recent 
great progress, and the antiquated condition of some of the views advo- 
cated by the text of this. Perhaps it is impossible for a single author 
to compass the whole science of modern geology without seriously com- 
promising and belittling some departments. Perhaps it is necessary 
that some such method shall be pursued as that recently adopted by 
Eastman in respect to modern paleontology, i. e., assign the parts to 
specialists, with freedom to incorporate the latest, well authenticated, 
classification and the most advanced views. The text before us suflFers 
materially in consequence of the non-comprehension of some of the' im- 
portant fields of recent research in American geology. The magnificent 
results of the U. S. Geological survey, and of several of the state sur- 
veys, brought out mostly since the last edition of this text-book, are but 
slightly reflected from its pages, one might almost say entirely over- 
looked. This is particularly apparent in the treatment of the Archean 
and the lowest paleozoic. It is not necessary to specify. This makes 
the work less adapted to the northern states where the vigorous and 
advanced schools of geological science are mostly located, since these 
rocks are specially prominent in the northern parts of the United States 
and in Canada. 

The common view of the origin of anthracite by metamorphism of 
bituminous coal is given: the exceptions and modifications, and the in- 
adequacy of this view are pointed out, but nothing is said of Steven- 
son's theory of the origin of anthracite which was published several 
years ago, and which eliminates these difficulties. The author also 
repeats the old and insufficient notion of the old edition as to the origin 
of iron ore, making it a result of organic acids acting on the rocks that 
contained it in disseminated state. **Therefore we conclude that both 
noic and always iron ore is, and has been, accumulated by organic 
agency.'- This is the sole cause mentioned. On the contrary, that 
several well authenticated sources of iron ore are admitted by most ge- 
ologists is very certain. In the lake Superior region are very extensive 
deposits of titanic magnetite embraced entirely in the gabbro, and they 
must have been genetically connected with the gabbro, which is of ig- 
neous origin. The decay of basic silicates, and the concentration of 
their iron in suitable basins is a well-known process of iron formation, 
much dwelt on by J. P. Kimball. 

The author writes interestingly and forcibly on many general geolog- 
ical topics. That is one of the excellencies of the volume. Its summa 
ries are often terse and yet lucid: witness his definition of the Permian 
in America, p. 42(5, or the discussion of the interior of the earth, pp. 
80 88, and, in general, the presentation of the phenomena and cause of 
the Glacial epoch. 

The phenomena of the Quaternary period* whose cause is presumed 
to have been fluctuations of level in the high latitude portions of North 
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America, am dividnd between the Glacial epoch aod the Champlaio 
epoch. The elevation ia aaiil to have been from 1,000 to 3,000 feet above 
the preeeDt hight. Duriiit; the Champtain epoch there was a down- 
ward motion of the same Tcgiona until the sea stood 500 to 1.000 fe^t 
above its present position. These movements and their effecte on the 
lakes aDd rivers, as well as on the drift deposits, are skillfully grouped. 
The author allows for two advaaces of tbo ice, with a loug interglacial 
epoch, and shows the differences tietween this history in eastern North 
America and the same on the Pacific side. On this subject the author's 
presentation shows a familiarity with the latest literature. With the 
exception, perhaps, of the descriptions of the animal life of the Tertiary, 
this chapter ie the most satisfactory of the volume. 

The whole work in built on the theory of evolution, organic and inor- 
ganic, and goes so far as to accept, with eomo caution, Pithecanthropus 
erectua as the veritable " missing link" l>etween man and the apes. 

The work well fills the place it is proposed to fill, viz., intermediate 
between a manual filled with details, suitable for reference by the in- 
vestigator, and an elementary treatise. This middle ground ia where 
arc found most of the students uX goology in America. k. u. w. 

Qeoliigkal Stinfg of Canaila, Annual Rejiort {new neri'en}, volume 
VII, WW. G. M. Dawson, Director. Pages 1-206, with eleven maps, 
and fifteen plates and diagrams. (Ottawa, 1896. Price. 81.50.) This 
volume consists of eight reports, seiiaratoly paged and designated suc- 
cessively by the letters A, B, C, F, J, M. K, and S. The first report, a 
summary of the work of the survey during 1891, and the second, a re- 
port on the area of the Kamloopa map-sheet, in British Columbia, both 
by the director, have been noticed, respectively, in the Ambkican Ge- 
ologist for September, 1895, and May, 1896; and the sixth, by Robbut 
CuALMEKri. on the surface geology of an area including parts of New 
Brunswick, Nova Scotia, and Prince Edward island, was reviewed iu 
this magazine fur last July. 

Report C. by R. G. McConhell, on an cuploration of the Finlay and 
Ouienica rivers, head streams of the Peace river, comprisoa 40 pages, 
with two plates and a sketch mai>. The rocks of this district, in ascend- 
ing strut igraphic order, are .\rchean gneisses and schists named the 
ShuBwnp scries; ^ates, quartz iles. and conglomerates, probably refer- 
able to the Lower and Middle Cambrian, having » thickness of about 
j,OU0 feet; a great limestone formation, corresponding to the Castle 
Mountain group of the Itow River section: the higher BnnIT limestone* 
of Devonian and Carboniferous age: volcanic schists, probably Upper 
Palcoaiic; shales and limi'stoue, shown by fossils to l>c Triassic; con- 
gloineriitc and sandstones, probably Cretaceous; Upppr Iinramie oon- 
glomerittes. shales, and sandstones, containing plant remains; and Qla> 
ciul deposits of boulderclay, gravels, sands, and silts. Gold was fint 
disL-overMl in these drift gravels in 1802, and the yield of t" 
jilaciT mining to the prcsi'pl liuic hue probably vsCfiJi'd a million 
dollars. 
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Report F, by D. B. Dowlino, is noted elsewhere in this number. 

Report J, in 157 paf?e8, with a map, is by R. W. Ells, on a portion of 
the Province of Quebec comprised in the southwest sheet of the * 'East- 
ern Townships'* map (Montreal sheet), with a chapter by Frank D. 
Adams, on the Laurentian north of the St. Lawrence river. The forma- 
tions range in age from Laurentian to Devonian, with thick deposits of 
glacial and modified drift, and. on the great plain of the St. Lawrence!, 
marine Champlain clays and sand. In an appendix (pages 113-157J), 
Henry M. Ami gives preliminary lists of the organic remains in the bed 
rocks of this area, from the Potsdam sandstone to the Devonian. 

Report R, of the section of Chemistry and Mineralogy, by G. Chris- 
tian Hoffmann, comprises 68 pages; and the report (S) of Mineral Sta- 
tistics and Mines, for 1893 and 1894, by E. D. Ingall and H. P. H. 
Brumell, 187 pages. The total mineral production of Canada is tabu- 
lated as $21,000,000, very nearly, for each of these years. Gold, silver, 
lead, asbestos, gypsum, coal, and petroleum, increased in th^ amount 
and value produced : while copper, iron ore, mineral water, natural gas, 
salt, and pottery, decreased. The production of nickel increased from 
four million to five million pounds, approximately, but with a decrease 
of its aggregate value. w. u. 

The Formation of the Quaternary Deposits of Missouri. By James 
E. Todd. (Missouri Geological Survey, vol. x, pp. 111-217, with plates 
xii-xxii, and figures 20 24 in the text; 1896.) Glacial drift is mapped as 
covering the northern two-fifths of the state, mainly extending south 
to the Missouri river, but leaving an unglaciated tract several miles wide 
next north of the Missouri and west of the Mississippi to distances of 
about ninety miles abovtj their confluence. In the central part of the 
state, however, the glacial drift extends across the Missouri river along 
a distance of nearly seventy-five miles. Loess, high terratres, and allu- 
vium, are mapped and described along the Missouri river and in the 
Mississippi valley southward to the vicinity of St. Louis; but the pres- 
ent report does not treat of the contemporaneous residuary and alluvial 
deposits of the more s<:)uthern part of Missouri, nor of the loess and 
other Quaternary formations along the Mississippi south of St. Louis. 

The till, weathered to a yellowish brown color near the surface, but 
having a leaden blue color below, usually holds only few boulders and 
smaller rock fragments ; but nearly everywhere it contains some from^ 
remote sources, namely, the crystalline rocks of Canada and Minnesota. 
In certain localities Prof. Todd finds all the rock fragments to be appa- 
rently of remote northern origin. Near the north line of Missouri, the 
till sometimes is almost 2(X) feet thick; but southward it rarely exceeds 
40 feet, and is frequently less than five feet. Indeed, over considerable 
areas it exists only in small and shallow patches. It thus ceases toward 
the margin of the drift, which usually comprises nothing more than 
sparsely scattered boulders. Glacial stria* are found well preserved on 
the limestone strata near St. Joseph, in Kansas City, and in other lo- 
calities, occurring almost at the extreme limit of the drift. 
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Professor Todd well describes the deep trough-like valleys or gorges 
of the Missouri and Mississippi rivers, with numerous cross-sections, 
and discusses the Quaternary changes and evolution of these great 
streams. 

Correlating th6 Missouri glacial drift with that of the states farther 
north, he notes the changing conditions of the Kansan, Aftonian, 
lowan, and Wisconsin stages or epochs, as named by Chamberlin: and 
he ascribes the snow and ice accumulation mainlv to high uplift of 
northeastern jx^rtions of the continent. He thinks, however, that the 
ice-sheet, although extending into Missouri, did not reach qAite to the 
limits of the drift and strise, which, on the border, are attributed to 
floes and bergs. w. u. ^ 

The Production of Iron Ores in 1805. By John Birkinbine. (Ex- 
tract from the Seventeenth Annual Report of the United States Geo- 
logical Survey, pp. 1-27, 5 maps. Washington, 1896.) This paper, which 
will form the first portion of Part III of the 17th annual report, has 
just appeared in pamphlet form. Michigan held tirst place in 1895 with 
a prodnction of 5,812,444 tons. Minnesota stood second, with a total of 
*J,866,453 tons. Alabama was third, with 2,199,390 tons to her credit, 
and Pennsylvania, Virginia, Wisconsin, Tennessee, New York and New 
Jersey followed in the order named, no one of them having produced as 
much as a million tons and their combined output being less than that 
of Minnesota. The iron ore production of the Lake Superior region in 
1895 was 10,268,978 tons or 62.31 i>er cent, of the output of the entire 
country. This is more than double the maximum output of the Bilbao 
district in Spain, and the average quality is not equalled by any other 
large producing district. Sketch maps showing the location of the ac- 
tive mines (m the five Lake Superior ranges, and brief accounts of the 
conditions obtaining on each of them add to the value and interest of 
the report. 

Special attention is paid to the Me8abi iron range, and the Minnesota 
Geological Survey is congratulated **upou having pointed to the region 
now known as the Mesabi range as a probable iron ore prcxlucing dis- 
trict prior to active explorations.'' The estimated amount of iron ore 
that this new range (which in 1895 produced 27.6 per cent, of the Lake 
Superior output) can furnish is put at the very moderate total of 200 
million tons. The average tonnage value of Minnesota iron ore at the 
mines was only 80.73 as against an average value of $1.45 for Michigan 
and 81.14 for the whole country. On the other hand, the average iron 
content of Minnesota ore is not less than 62 per cent., while that of the 
country at large is about 54 per cent., and " the phosphorus in non-bes- 
semer Mesabi ores is below that of th(? average non-bessemer ores of the 
country." 

Foreign ores imported into tin* United States in 1895 amounted to 
524,153 tone with a total value of 8786,207. 

In comparing these tiguri»s with those given by the Iron Trade Re- 
view and other authorities it should be remembered that these are data 
of actual production at the mines and other figures are usually those of 



Review of Recent Geological Literature. 389 

rail and lake shipments. The former will generally be somewhat in ex- 
cess of the latter for any given year, although they will not vary much 
over a period of years. h. v. w. 

Rej>ort on the Country in the Vicinity of Red Lake and part of the 
Basin of Berens River , Keewatin. By D. B. Dowling. (Geol. Sur- 
vey of Canada, Ann. Rept., n. s., vol. 7, pp. 1F-54F, one map, 1896.) 
This paper presents a report of explorations in an area of 6,300 square 
miles lying east of lake Winnipeg and north of Rainy lake; more accu- 
rately it ifiusituated between latitude 50 degrees 30 minutes and 51 de- 
grees 50 minutes N., and longitude 92 degrees 40 minutes and 94 de- 
grees 15 minutes W. of Greenwich. The geological formations, except 
the drift, are all pre-Cambrian in age and are mapped as Lauren tian 
and Huronian. Under the former term are included granites, gneisses 
and some mica schistfc. The exact relation of the Lauren tian to the 
Huronian is not fully stated, although one might infer that the former 
was intrusive into the latter; at any rate several areas of granite 
mapped as Laurentian are clearly intrusive into the Huronian. The 
Huronian consists of schists of various kinds, limestones, altered basic 
and acid igneous rocks, agglomerates and conglomerates. 

In general it may be said that the rocks and their relations so far as 
known are similar to those of the closely adjoining Lake of the Woods 
and Rainy Lake regions, which were described a few years ago by Dr. 
A. C. Lawson, and it seems most probable that the area here described 
by Mr. Dowling is the same in age and general relationships as the re- 
gion reported cm by Dr. Lawson. Some of the rocks here classed as 
Laurentian (mica schists) would probably have been put in the Cout- 
chiching by Dr. Lawson, but Mr. Dowling states that other strata 
most resembling the typical Coutchiching are only highly altered 
parts of the Huronian in contact with the Laurentian eruptives. The 
author questions the proi)riety of extending the name Keewatin to the 
rocks he describes as Huronian, although this would seem to l)e the 
most natural thing to do. 

The presence of a conglomerate holding jasper pebbles is of interest 
as indicatiDg a iK)ssible division of the rocks here mapped as Huronian 
into two unconformable scries, a division which has already been 
worked out in strata of the same general age on the south side of lake 
Superior by Prof. Van Hise and which also exists in similar rocks in 
Miimesota north of lake Suj^erior. u. s. o. 

Tlie Physical Features of Missttnri, By Curtis Fleix'her Makbut. 
(Reports of the Missouri (Jeological Survey, vol. x, pp. 11-109, with 
eleven plates, and nineteen Hgures in the text; 1896.) This a very in- 
teresting and satisfactory description of the contour of Missouri, with 
discussion of the epeirogenic movements and cycles of subaerial erosion 
to which the form of the surface is due. The general upland, in its two 
parts named the Prairie region and the Ozark region, is a peneplain or 
graded surface cutting across the bevelled edges of the strata. Its alti- 
tude is mainly between 800 and 1,500 feet above the sea. The uplift 
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from lower altitudes, at which Cretaceous and early Tertiary baselev- 
elliDg of this peneplain took place, is referred to some stage in the mid- 
dle or later part of the Tertiary era, previous to the Lafayette period. 
Since that differential uplift, which gave the present long and gradual 
slopes of the upland areas, the rivers have channelled their meandering 
valleys, which vary in size up to a width of several miles and in depth 
from 100 to 500 feet. Much additional examination of the river courses 
is needed, however, to explain many of their minor features and their 
detailed history. w. u. 

On the Existence of Pre-Cambrimi and Pont Ordovician Trap Dikes 
in the AdirondacJcs. By H. P. Cushinu. (Trans. N. Y. Acad. Sci., 
vol. 15, pp. 248-252, Sept., 1896.) From recent work in New York state, 
chiefly in Clinton county. Prof. Cushing has become convince<l that 
there were two periods of intrusion of dike rocks in the Adirondack re- 
gion, instead of one period as formerly thought. This is an interesting 
point in the history of the Adirondacks and in the study of these dikes, 
for our knowledge of which we are chiefly indebted to Profs. Kemp and 
Marsters. Prof. Cushing presents in brief the evidence for the separa-i 
tion of these dikes into two series, and concludes that one series fol- 
lowed the dynamic metamorphism of the gneiss, limestone and gabbro 
series of the Adirondacks, but antedated the Potsdam sandstone. The 
typical rocks of these dikes are diabases. The second series cuts all the 
strata up to and including the Utica shale, and the dike rocks are 
'^trachyte " (boston ite) and basic rocks, mostly camptonites and monchi- 
quites. u. s. G. 

Stinieiural Details in the Green Mountain Region and in Eastern 
New York. By T. Nelson Dale. (U. S. Geol. Survey, 16th Ann. 
Rept., pt. I, pp. 54.3-570, 1896.) The author has collected in this paper 
excellent illustrations and brief descriptions of various structural de- 
tails which he has observed in his work in the Green mountains. The 
phenomena illustrated are folds of several varieties, false bedding, ob- 
scuration of bedding by cleavage, cleavage, cleavage banding, stretch- 
ing, etc. These illustrations from the note book of a geologist working 
in a crumpled and metamorphic area are of much interest, and show cm 
a small scale many important details of structure, details which the 
worker in such an area must be continually searching for. u. s. c. 

A Handbook of Rocks^ for use without the nueroscope, J. F. Kemp. 
Printed for the author. New York, 1806, roy. oct. 176 pp. This is a 
general elementary treatise on rocks, the design being to furnish a com- 
pendium for teachers, based mainly on American rocks and literature. 
Its author has traversed essentially jin untrodden field, in bringing 
American petrography together into a systematized form, and grouping 
the facts in a reasonable scheme of mcKlern classification. He has thua 
rendered American geology a great service. In doing this he has left 
signs of his route all along his course, and anyone can follow and 
amplify his work. Thepe signs an? the constant references to American 
literature which are massed in connection with the chemical analyses 
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given, which, in itself, is a great service to the petrographer. These 
references of course are to all sorts of petrographical literature, but the 
book itself, in its treatment, involves only those characters which can 
be apprehended without the microscope. The glossary, embracing 
mining and petrological terms, also gives the names of many rocks that 
have been defined in America. n. h. w. 

Detenninative Mineralogy and Blowpipe Analysis (Brush). Revised 
and enlarged by S. L. Penfield. New York, John Wiley and Sons 
1896. Oct., pp. 108. Price 13.50. Every American chemist and min- 
eralogist knows well the excellencies of ''Brush's Determative Mineral- 
ogy/' 'or it has been in their laboratories for more than twenty years, 
and in constant use. This revision by Penfield, an expert and enthusi- 
astic mineralogist, has, niirabile dictu, increased its value. The chief 
change consists in the infusion of more chemistry into the treatment of 
the subject. There is a sliort introductory chapter which concisely 
sets forth the fundamental principles of the chemical nomenclature and 
combinations which are involved in the methods and in the tables. It 
is also noticeable that throughout the work, excepting in the tables, 
which are the same as in the last edition, there is considerable enlarge- 
ment. N. H. w. 
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The Ice-Sheet in Glacial Narragansett Bay. Owing to my not 
seeing proof of my paper on **The Retreat of the Ice-Sheet in the Nar- 
ragansett Bay region,*' the following important features of the Barring - 
ton stage were not discussed in the proper place (see pages 150-168). 

Evidence was cited on p. 156 to show that in the case of the Green- 
wich Cove stage there was a change of water-level before the ice disap- 
peared from the head of the cove. To be exact, the water-level fell off 
from a hight at least 50 ft. above present sea-level to or below the exist- 
ing marine limit. 

A renewed study of the Barriugton sand-plain made with my col- 
league, Mr. T. A. Jaggar, Jr., shows that it, too, has a drainage crease 
*' springing out of the air," on the northern border as if from the van- 
ished ice-sheet, and terminating on the southern margin in a fan head- 
ing between two lobes of the delta front. This fan spreads out in the 
swampy foreground of the clay fi.eld and is of the subaerial type. As in 
the Greenwich Cove stage, we have here again evidence of the deposition 
of a delta-like sand-plain with the water as high as 50 ft. above the 
present sea-leyel: the next recorded event is the formation of a subaerial 
fan whose base is near or at the present sea level. This fan is known 
to be contempc raneous with the ice remnant at the head of the com- 
pleted sand-plain, because the crease marks the path of drainage out of 
the ice, across the plain, and on to the fan. 

I have already given reasons for considering the Barrington stage 
later than the Greenwich Cove stage. If these stages were con tempo- 
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raneou8 these changes of level might be considered as marking a single 
episcKle in the epeirogenic movements of the region and their bearing on 
water-level might be dismissed as jxjinting to no definite conclusion. 
The, it seems to me, satisfactory evidence of the repetition of like 
changes of h»vel accompanying similar glacio-aqueous conditions points 
clearly to the nature of the oscillations of water-level in Glacial Narra- 
gansett bay. 

If these two cases may be accepted as the basis of a statement re- 
garding this water-level, it would seem that times of high water were 
times of maximum sand plain construction; that immediately following 
thest^ episodes and l>efore the marginal ice entirely disappeared, the 
water-level fell away 50 ft. or more. 

T^hese changes of level are analogous to those of our large inland riv- 
ers, and come under the head of flood changes. Ice dams in Glacial 
Narragansett bay appear incapable of affording an explanation. Only 
so far as floating ice may have served to form barriers by gorging in 
narrow passages in the lower bay can ice help in explaining the drain- 
age f<?ature8 of these two sand plain stages. I find myself driven in 
consequenc^e of these phenomena to adopt a view similar to that wliich 
the elder Dana set forth in regard to the upper limit of river border 
formations, •' There is no direct relation to the level of the ocean. They 
were made by flooded rivers or lakes; and the hight of the flood- waters 
determined their level'^ (Man. Geol., third ed., 1880, p. 551). The diffi- 
culties in the way of accounting for the pitch of the upper surface of 
the waters in this glacial bay seem now almost iusui)erable in this view, 
but I Iwlieve iulditional examination of the adjoining region w^ill throw 
light upon this problem. J. B. VVoodworth. 

Cmnhridge, Mann., Oct. 12th, 1SH6. 

Rkpokt of thk State Geologist of New York for 1893— A Cor- 
rection. In the 13th Annual Report of the State Geologist of Xew 
York for 1893, Prof. James Hall concludes the introduction to the study 
of the BrachioiK)da. In glancing through its interesting pages one or 
two errors of citation are noted to which it is desired to call attention. 
On page 824 the genus OrtJiorhynchaUi is described and (), UnneyiNe^t' 
telroth is cited as the type. This is not Nettelroth's species at all, but 
was originally described by Mr. U. P. James in 1881 as Orihisif) Uniwyi 
{Pnli'ontolof/lst. No. 5, June 10, 1881, p. 41). At a later date, 1889, Mr. 
Henry Xettelroth described Orthis Ihineyi hhh new species {Kentucky 
Fossi/ Shi'lis. 188J>, j). 41). It is a little curicms that this should have 
occurred for Mr. James and Mr. Xettelroth were correspondents and 
the former sent his jmblicatious to the latter. It may be accounted 
for, perhaps, by the fad that the final revision of the * 'Kentucky Fossil 
Shells" was done by other hands than thosii of the author. The error 
in citation by Pmf. Hall would have been more excussible if the four 
pai^escjf errata at the erxl of Mr.Xettelroth's volume had not been printed. 
They must have been overlooked by Prof, llall or Prof. Clarke. On the 
first page the (»rror is pointed out and the corn^ct reference to the first 
description of (). Uino'tji is given. 
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There is still another error in the authority given for Zygoapira Ken- 
tucki'ensis in the description to plate 40, p. 234. The species is credit- 
ed to James. It should have been Nettelroth. Here again Nettelroth 
described as new a species that had been described 11 years before. In 
**The Paleontologist'' No. 1, July 2, 1878, p. 7, Mr. James says under 
the head of Zygospira mocieata var. Kentuckyensis : **The fossil for 
which this name is proposed, by the finder, Henry Nettelroth, Esq., of 
Louisville, Ky." etc. Notwithstanding this we find Zygospira ken- 
tiickyenais given as a new species by Nettelroth (Kentucky Fossil Shells 
p. 138) without any reference to a previous description. In this case 
the erratum is wrong for the species is there credited to Mr. James. 

Lastly in the citation of authority for Zygospira cincinnatiensis in 

the description of plate 40, Prof. Hall gives Meek. It would be r^iore 

correct to say "(James) Meek," for it was proposed by Mr. James and 

credited to him by Mr. Meek, in the Ohio Paleontology, (vol. I, p. 126). 

J. F.James, M. D. 
Hingham^ Mass., Sept. 14, 1896. 

(teolooy and Mining. A highly valuable article, which illustrates 
clearly the intimate relation between mining and theoretical geology, is 
contained in the October number of the **Zeitschrift ftlr praktische Ge- 
ologie,'' which has been published in Berlin by mining engineer Max 
Krahmann since 1893. 

Under the title "Contributions to the origin of the Freiberg lead ore 
and the Erzgebirge tin veins" are published 3(5 pages of valuable notes 
which were found among the papers of the late Bergrath Dr. A. W. 
Stelzner, the celebrated Freiberg geologist. They discuss the impor- 
tant question of whether the ore deposits or fissure fillings derived their 
metallic contents through leaching of the adjacent rocks or from ther- 
mal waters which ascended from great depths. 

Prof. Fridolin von Sandberger of Wtirzburg maintaineii the former 
view. He supported the **lateral secreticm theory," which had already 
been advanced by him, by analyses of the mica found in the adjacent 
rocke, which mica, according to him, contains the gang metals as sili- 
cates, which are found where no leaching has taken place. 

Stelzner opposed this theory and showed, in the case of the Freiberg 
gneiss, that its mica contained no metals, or, if present, that they were 
not primary silicates. Consequently the Freiberg ore deposits cannot 
have originated by leaching of the adjacent rocks. And hence also 
(and here lies the great question in practical geology) the chemical cri- 
teria proposed by Sandberger and whose application was vainly at- 
tempted at Pribram are unfortunately impossible of application at 
Freiberg and many other mining districts. This exploitation by means 
of chemistry, that is, the drawing of conclusions from the nature and 
leached or unleached condition of the rocks, must nevertheless remain 
the hope of the miner. Genetic relationships between ore deposits and 
enclosing rocks occur on every hand. It is only a question of their 
proy^er interpretation. 
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Herein lies the future of practical geology, aud hence the great sig- 
nificance of these notes of Stelzner's» which are highly interesting in 
themselves, and are now accessible to anyone. Every mining man, ge- 
ologist, mineralogist and chemist will find in them a fund of informa- 
tion and suggestion. f. m. 

GyrsuM Beds in Southern Arizona. Extensive stratified deposits 
of gypsum occur in the Santa Rita range of mountains, near the north- 
ern end, about twenty miles southeast of Tucson and fifteen miles or 
less from the line of the Southern Pacific railway. The thickness of 
the series is estimated at not less than two hundred feet. The strata 
are nearly on edge and appear to form a part of a great series of pedi- 
ments, shales and quartzites above the Lower Carboniferous limestone, 
which is largely developed in the Santa Rita mountains. 

Wm. I*. Blake. 

Arizona School of Mines, University of Arizona, November, 1S90, 
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571-874, pis. 108-117, 1896. 
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1896. 

The physical features of Missouri, C. F. Marbut. Mo. Geol. Survey, 
vol. 10, pp. 11-109, pis. 1-11, 1896. 
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The Academy op Natural Sciences of Philadelphia has 
conferred the Hajden Memorial Geological award for 1896 on 
^Fof. Giovanni Capellini of the University of Bologna. 
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The Geological Society of America will hold its ninth 
winter meeting in Washington, D. C, beginning Tuesday, De- 
cember 29, 189(5. The Council will meet on that day at 8:30 
a. ra., and the Society will be called to order at 10 a. m. The 
building in which the meetings are to be held has not yet been 
announced. Willard's hotel is selected as headquarters. 

The Transvaal gold deposits, traced and surve^^ed in the 
vicinity of Johannesburg, are estimated by Dr. George F. Beck- 
er to contain $3,500,000,000 of the precious metal, or nearly as 
much as the entire volume of gold coin in the world. The 
chief vein, of great width and depth, outcrops along a crooked 
course of thirty miles. It is being mined at the rate of about 
$100,000,000 3'early, much exceeding the highest annual pro- 
duct attained in 1853 by^ California. 

The Academy of Scienxe, St. Louis. At the meeting of 
the Academy of Science of St. Louis, on the evening of Nov. 
16, 189(5, Dr. Charles K. Keyes, the state geologist of Missouri, 
read a paper entitled " How shall we subdivide the Carbonif- 
erous?" and professor J. H. Kinealy exhibited a chart for de- 
termining the number of square feet of low-pressure steam 
heating surface required to keep a room at 70^ F.. and gave a 
description of the method of making the chart. Two active 
members and one life member of the Academy were elected. 

William Tre lease, RecorditHf Secretary. 

Mr. J. B. WooDwoRTH, in the Proceedings of the Boston 
Society of Natural History (vol. xxvii, pp. 163-183, with five 
plates, November, 1896), discusses the fracture system of 
joints, especially describing the feather-fracture observed on 
joint planes in the slates of Cambridge and Somerville, Mass. 
For these argillaceous strata destitute of slaty cleavage, yet 
hitherto commonly called slates, Mr. Woodworth adopts the 
name pel if es, which implies no structure other than that of 
original stratification. Some of the larger fractures of the 
earth's crust, as the long curved series of the volcanic islands 
skirting the western shore of the Pacific ocean, and also the 
volcanic belts of the Hawaiian islands, are shown to be anal- 
ogous to the joints of rock formations. w. u. 

The Inland Educator, a monthly journal devoted to the 
profession of teaching, published at Terre Haute, Ind., has is- 
sued in its department of science, which is conducted by Dr. 
(.'harles R. Dryer, a series of j)apers by Mr. Frank B. Taylor 
on the glacial geology of the great Laurentian lakes, already 
referred to in the October Amerhwx (Geologist (j). 236), and 
a paper by Mr. Frank T^*verett in the last August number 
(vol. Ill, ])p. 24-.32), on the glacial deposits of Indiana. Each 
of these articles is illustrated b}' maps, and embodies the ma- 
tured study of a wide range of careful field observations. 
Kigiit to ten morainic belts, crossing Indiana in looped courses^ 
some of them partially overlapping others, are mapped by 
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Leverett. and he ably sets forth the evidence of successive 
stages or epochs of the Glacial period. The average thickness 
of the drift in northern Indiana is estimated to be 260 feet, or 
perhaps even more than 300 feet. w. u. 

Geology in the Colleges and Universities of the United 

States. 

Under this title, Mr. T. C. Hopkins contributes a valuable 
statistical paper of 54 pages in the report of the Commissioner 
of Education for the year 1893-94, which was published and 
distributed a few months ago. Definite statements are given 
concerning the time devoted to geological instruction, the sev- 
eral courses ottered to students, opportunities for field w^ork, 
and the laboratory, museum and library equipment, in each of 
the 378 collegiate institutions of the United States which give 
instruction in this science. In twenty-four colleges, geology 
is taught by the president; and in seven colleges by a lady 
professor or instructor. During the year of this report, sixty- 
eight graduat-e students were making a specialty of geology, 
including eighteen in Johns Hopkins University, thirteen in 
the University of Chicago, and eleven in Harvard University. 

w. u. 
Geologic Atlas op the United States. 

Seven new folios of this admirable atlas, with descriptive 
text, have been recently issued, as follows: 

21. Pikeville folio, in Tennessee, by Charles Willard Hayes. 

22. McMinnville Tolio, in Tennessee, also by Mr. Hayes. 

23. Nomini folio, in Maryland and Virginia, by N. H. Dar- 
ton. 

24. Three Forks folio, in Montana, by A. C. Peale. 

25. Loudon folio, in Tennessee, by Arthur Keith. 

26. Pocahontas folio, in Virginia and West Virginia, by 
Marius R. Campbell. 

27. Morristown folio^ in Tennessee, by Arthur Keith. 
Each folio maps an area bounded by arcs of a half degree, 

excepting that of Three Forks, which measures one degree on 
each side. The scope of the maps and descriptions, including 
ample details of the topography, local formations, and mate- 
rial resources, was stated in the American Geologist for last 
March (vol. xvii, pp. 177-179), with notes of the previous 
twenty folios. w. u. 

According to Mr. S. F. E^imons there are in the Black 
Hills three types of gold deposits: The Homestake type of 
deposit, the siliceous gold ores of the Cambrian, and the pla- 
cer deposits. The first occur in sheets often several hundred 
feet wide along a mineral-bearing zone, which is mostly con- 
trolled by the Homestake company, and is now worked to a 
vertical depth of 800 feet. The placer deposits are partly 
ancient or fossil placers at the base of the Cambrian (Middle 
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Cambrian, and not Potsdam sandstone, asit has hitherto been 
called), and modern placers along present stream beds, result- 
ing in part from the disintegration of the older placers. The 
so-called siliceous gt>ld ores occur in the remnants of Cambri- 
an beds and included porphyry bodies in the elevated region 
around Grey's peak and Bald mountain, to the west of the 
Ilomestake belt. The ore bodies are siliceous replacements of 
certain beds in the upper and lower jmrts of the formation 
near eruptive sheets or dikes, which have been mineralized 
from certain north and south cracks or fissures — locally called 
''verticals'* — which traverse both sedimentary beds and erup- 
tive sheets. The ores are finely disseminated pyrite, generally 
oxidized with gold, either free or con»bined with tellurium. 
The ore bodies are of great longitudinal extent, having been 
traced continuously in the Golden Reward main for many 
thousand feet; in some cases they are twelve feet thick and 
more than a hundred feet wide. They give promise of im- 
portant future deveh)pments. 

New York Academy of Sciences; Section ok Geology and 

mixekalogy, october 19, 1896. 

The first paper of the evening was by Arthur Hallick, enti- 
tled (reoUnjirjil Xotea: Lomj l.siaml and Block IshnuL Pre- 
vious investigations on Staten island, Long island, Marthn^s 
Vineyard and Nantucket have proved a unity of geologic 
conditions throughout, and it was confidently expected that 
a careful examination of Block island would show this also 
to be part of the same general series. 

During the past summer the island was visited and proofs 
were ol)tained of drift j>henoinena identical with those of the 
other localities. A collection of fossils was made which dem- 
onstrated the former existence of Cretaceous strata on the 
island. The material collected consisted of plant remains, 
imperfectly preserved, and of mollusks in a good state of 
preservation. These latter were identified by Prof. R. P. 
Whitfield, and the list numbers ten species, in addition to 
fragmentary remains of perhaps half a dozen more. They are 
typical of the lower green-sand marl and were found as drift 
material in the moraine, under the same conditions in which 
similar fossils have been found in the other localities men- 
tioned. It was also thought advisable to again visit the east- 
ern eii<l of Long island in order t(> ascertain whether more 
definite fossil remains could be found on Montauk point, 
where imperfectly preserved fossils had beei: discovered on a 
previous occasion. Here also well-j)reserved molluskf? were 
found, likewise identified bv Prof. Whitfield, who has furnished 
i\ list of five species and two genera, in addition to which a 
number of imperfect specimens, representing about five addi- 
tional species. The discoveries were highly satisfactory, and 
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furnished the proof that had been confidently expected. The 
8pecimen8 collected were exhibited. 

The second paper was by Prof. J. F. Kemp, On the Glacial 
or Post-Glacial Diversion cj/' the Bronx, liiver. The speaker 
showed that the Bronx river from its source to Williamsbridge, 
follows an old valley, excavated in limestone. This valley 
continues from a point below Williamsbridge to its end, on 
the sound opposite KandalTs ishmd, and there is a depression 
the entire distance. Just below Williamsbridge, however, the 
river turns from its old valley and breaks through a ridge of 
enclosing gneiss on the east. It has excavated a gorgt about 
70 feet deep, with large fresh pot-holes remaining on the sides,' 
respectively at altitudes of 20 and 50 feet above the stream. 
The maximum hight of the divide between the present chan- 
nel and the older one is only 10 to J 5 feet. The speaker found 
difficulty in accounting for the diversion, in that no barrier 
of gravel or other deposit is visible along the line of the old 
channel, which would turn the stream from this across the 
high ridge in which is the gorge. The freshness of the pot- 
holes indicated that the stream had cut the gorge during 
glacial times and since then. He therefore referred the diver- 
sion to the ice of the continental glacier, a lobe of which must 
have filled the earlier channel. It is probable that the early 
excavation was done by a subglacial stream, heavily loaded 
with sediment. 

The third paper of the evening was by D. H Newland, on 
the Kclofjites of Bavaria. The speaker described the extent, 
and mineralogy of the rocks and his attempts to discover their 
uniUietamorpliosed originals. Oiiefiy on chemical analysis he 
was led to infer that they had been original diabases or gab- 
bros. 

The section of Geology imd Mineralogy held its regular 
monthly meeting Nov. 16, Prof. Albert 11. (-hesterin thechair, 
as chairman pro fern. The first paper was by Dr. E. O. Hovey, 
entitled '* On a deep well-boring at Key West, Fla." Dr. 
Hovey described the geological section uncovered by the well 
for a depth of more than 2^000 feet. A number of microscopic 
organisms were obtained. It proved somewhat diflficult to 
identify the geological horizons, but without much doubt the 
well penetrated a considerable distance into the Miocene. In 
the limestone many grains of quartz, possibly of secondary 
depositions were met, and also rolled grains of quartz, doubt- 
less in the nature of sand. Dr. Hovey comments on the sig- 
nificance of the phenomena, and expressed his obligations to 
professor Alexander Agassiz, from whom the samples had been 
obtained. The paper will appear in full in an early number 
of the Bulletin of the American Museum of Natural History. 

Prof. A. J. Moses then exhibited a number of new minera- 
;l<^oal instruments which had recently been sent from Europe. 
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They included a little adjustable dark room which could be 
fitted to a Fuess No. 2 goniometer, so that crystals could be 
measured by daylight. Perfect signals could be obtained 
even in a well lighted room. The instrument is called the 
Traube Verdunklungsvorrichtung. The universal rotation at- 
tachment for mineralogical microscopes which has been in- 
vented by professor Klein of Berlin, for measuring the angle 
of the optic axes of microscopic crystals was also shown. 
Klein's new rotation apparatus for the orientation of thin 
sections was next described. The new attachment, which 
can be adjusted to a Fuess goniometer No. 2, for meas- 
uring the optic axes, was shown and an opportunity was nf- 
ff)rded to test it b\^ actual experiment. The von Federow 
mica wedge (glimmerkeil) which consists of a series of super- 
posed J undulation mica plates, and is used for all the pur- 
poses of a quartz wedge, concluded the paper. 

The third paper was by Mr. A. Chester Beatty, entitled 
*'The Minerals of the Elkhorn Mine, Montana." Mr. Beatty 
exhibited, with comments, a remarkable series of calamine, 
smithsonite, native silver and other minerals. 

Professor A. H. Chester presented a paper on the new dis- 
covery of the brassy, micaceous mineral which seems, from the 
only analysis, to be chalcodite. and which has been found in 
a quarry at Rocky Hill, New Jersey. 'He also exhibited a re- 
markable series of rutile from Graves mountain. Georgia. 

G. F. Kunz described a new meteorite from Guatemala, and 
read a joint paper by Dr. Hillebrand and himself upon a new 
discovery of prosopite in Utah. He read also a joint paper by 
Morris Heights, and by Prof. J. F. Kemp, who remarked on 
the interest attached to this association of minerals, because 
of the difference of oj)inion prevailing among geologists, as to 
whether they indicate contact metamorphism or merely re- 
gional metamorphism. 

The last paper of the evening was by Prof. J. F. Kemp, en- 
titled " Exhibition of interesting minerals collected during 
the summer." The speaker exhibited covellite, goslarite, en- 
argite. chalcociteand tetrahedrite ffom Butte, Montana, which 
were exceptionally line crystals. Remarkably large prisms of 
andahisite from the Black Hills were also shown, and zircons 
jind allanit(» from Mineville, Essex county. New York. 

A collection of chalcodite from a ([uarry near Reading, 
Pennsylvania, was exhibited by Mr. Roeblinji: of Trenton, New 
Jersey, in connection with the paper by Prof. Chester. The 
Academy then adjourned to inspect the minerals. 

J. F. Kemp, Sec. 
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ERRATA. 

On page 132, 10th line, for "latter" read former. 
On Plate XI, change the explaaations so as to read in the following 
order downward: 

Cut surface showing oxidation. 

Edge view. 

Side view. 
Page 179, read tenuifilum. 

Page 217, fifth line, for Prof. E. O. Hovey, i-ead Dr. H. C. Hovey. 
Page 268, third line, for }^ inch, read 1 inch. 
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